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CHAPTER I 
INTRODUCTION AND REVIEW 
In the past few years there has been a renewed interest in the 
physiologic and behavior properties of structures located in what is 
somewhat erroneously referred to as the rhinencephalon. 
It is generally agreed by most investigators 1' 2' 3 that the 
rhinencephalon is comprised of "the afferent olfactory fiber system, 
the olfactory cerebral cortex including the pyriform lobe, the rest of 
the hippocampal gyrus, the hippocampus and the limbic gyrus. "4 
The focus of this study will be on the post-commissural fornix 
and caudate, each of which is a prominent structure within the rhinen-
cephalon. . Their functional significance will be evaluated via behavior 
techniques utilizing chronically implanted electrodes. 
1 Kappers, C.U.A., Huber, G.C., a..ndCrosby, E.C. 
The Comparative Anatomy of the Nervous System of Vertebrates. vol. IT, 
N.Y., The MacMillan Co., 1936. pp 1401-1455. 
2Brodal, A. The Hi:epocampus and the Sense Qi_Smell. A review. 
Brain, 1947, 70: 179-222. 
3 
Herrick, C. J. The functions of the olfactory parts of the cerebral 
cortex. Proc. Nat. Acad. Sci., Wash., 1933, 19: 7-14. 
~aada, B. R. Soma to ~Motor, Autonomic and Electrocorticographic 
Responses to Electrical Stimulation of Rhinencephalic and other structures 
in Primates, Cat and Dog. Acta Physiologica Scandinavica, 1951, 241 (supplementum 83) p. 3. 
1 
2 
A. Anatomy 
1. The Post Commissural Fornix 
In the vertebrate, the post commissural fornix has its origin in 
the hippocampus, principally from the inferior and medium cells of Ammon's 
horn. 1, 2, 3, 4 
Fibers from these cells form a thin band along the inner surface 
of the hippocampus. This band passes beneath the splenium of the corpus 
callosum, and continues in an anterior direction, giving off some fibers to 
the anterior and midline nuclei of the thalamus. 5 
1Kappers, C. U. A., Huber, G. C., and Crosby1 E. C. The Comparative 
Anatomy of the Nervous System 2!_ Vertebrates. The MacMillan Go., N.Y., 
1936, vol. rr, pp. 1401-1455. · 
2De No, Lorente. Studies on the structure of the cerebral cortex. II. 
Continuation of the study of the limbic system. .J:. Psychol. Neurol., Lpz., 
1934, 46: 113-177. 
3cajal, Ramon Y. Studies on the Cerebral Cortex. Trarislated by 
T.M. Kraft. The Year Book Publishers, Inc. Chicago, 1955: pp. 135-136. 
~rodal1 A. The Hippocampus and the Sense <&_Smell. A Review. 
Brain, 1947, 70: 179-222. 
5Nauta, W. J.H., An Experimental Study Qf_the Fornix System in the 
Rat. _I. Comp. Neu.ro. 1956, 104, 247-271. 
3 
For a short time, the tracts of each side approximate each other, only to 
diverge as they continue in a ventral posterior direction, from the region 
of the inter-ventricular foramen to the medial nucleus of the mammillary 
1 2 3 
bodies. ' ' 
Several anatomic terms are used to delineate different sections of 
the fornix that have just been described. The term fimbria refers to the 
thin band along the inner surface of the hippocampus. When the fibers pass 
beneath the splenium of the corpus callosum they are often referred to as 
the crura, and when they approximate each other, it is called the body of 
the fornix. Finally, as the fibers travel in two distinct tracts towards the 
mammillary bodies, they are termed the pillars of the fornix. 
-------------------------------------------------------------------
1 
Gajal, Ramon Y. Histologie du systeme nerveux de l'homme et 
des vertebrates. Paris, S. Maloine, 1911, vol. II. 
2 Allen, W. F. Degeneration in the dog's mammillary body and 
Ammon's horn folloWing transection of the fornix. I_. Comp. Neurol., 
1944, 80: 283-291. 
3Kaada, B.R. Somato-Motor, Autonomic and Electrocorticographic 
Responses to Electrical Stimulation of Rhinencephalic and other structures 
in Primates, Cat and Dog. Acta PhysiologiGa Scandinavica, 1951, 24, 
(supplementum 83) p. 9. 
4 
From the mammillary bodies most of the fibers ascend as the bundle 
of Vicq d'Azur to the dorsal, medial and ventral divisions of the anterior 
nucleus of the thalamus. 9' 10, 11, 12 Fibers from the dorsal division (Ad) 
travel to the retrospenial region. Fibers from the medial division (Am) extend 
to the agranular )rostral portion of the limbic gyrus, and fibers from the 
ventral division (Av) travel to the granular poste:rior portion of the same 
gyrus. Thus, the post commissural fornix, representing the major efferent 
tract of the hippocampus has extensive connections:-.over a wide anatomic area 
of the tbip.encep_:bralon. 
9Le Gros Clark, W. E., and Boggan, R. H. On the connections of 
the anterior nucleus of the thalamus. I_. Anat., Lond., 1933, 67: 215-226. 
10Lashley, K. s. Thalamo-cortical connections of the rat brain. 
J. Comp. Neurol., 1941, 75: 67-121. 
11Bodian, D. Studies on the diencephalon of the Virginia opossum. 
ill. Thalamo-cortical projection.. I_. Comp. Neurol., 1942, 77: 525-575. 
12Rose, J. E., and Woolsey1 C. N. Organization of the mammalian 
thalamus and its relationships to the cerebral cortex. EEG. Clin. 
Neuraphysiol., 1949, 1: 390-403. 
5 
2. Caudate 
In the vertebrate, the caudate is the prominent avoid structure 
of the floor of the lateral ventricle. :_f The enlarged portion is referred to 
as the head, and the tapered extension is called the tail. The head of the 
caudate is continuous with the putamen1 but at the level of the body of the 
fornix it is clearly separated from this structure by the anterior .limb of 
the internal capsule. 
Further, the caudate is connected with the .cerebral cort~ax-, 2, -3 
and by means of internuclear connections with the putamen and globus 
pallidusJit is connected with the medial and dorsal thalamic nuclei. 
Von Monakow·4 states that there is a connection between the caudate and 
the anterior nucleus of the thalamus (n. ant. ventralis). 
------------------------------------------------------------------
1Kappers, c. U.A., Huber, G. C., and Crosby, E. C. The Comparative 
Anatomy of the Nervous System of Vertebrates. The MacMillan Co., N.Y., 
1936, vol. II, pp. 11401-1455. 
2Ramon Y Cajal, S. Histologie du systeme nerveux de 1 'homme et 
des vertebrates. Paris, A. Maloine, 1911, vol. 2. 
3Morinesco, G. Le.s connexions du corps strie avec le lobe frontal. 
Compt. rend. Soc. Biol., 1895, vol. 2, p. 77. 
4von Monakow, C. Experimentelle und pathologisch-anatomische 
sowie entenickelungspeschichtliche Untersuchungen uber die Begichungen 
des Corpus striatum und des Finsenkerns zu den ubrigen Hionteilen. 
Schweiz. Arch. f. Neurol. u. Psychiat., 1926, Bd. 16, S. 255. (Quoted in 
Kappers, C. U.A. et. al. p. 1442). 
6 
In addition , large fibers from the caudate pass through the internal capsule, 
enter the lateral stria between the putamen and globus pallidus and continue 
5 
caudalward as Arnold's bundle. Also some fibers from the caudate pass to 
the substantia innorninata of Reichert. The main efferent path of the corpus 
striatum {caudate, putamen and globus pallidus) is the ansa lenticularis, and 
it gives off fibers to many different nuclei, among which are the nuclei of the 
Field of Forel, capsule of the red nucleus, nucleus subthalamicus and the 
mammillo-infundibulbar nucleus. 6' 7 It can be quickly seen that the connections 
of the caudate are also very extensive, and in some instances the termination 
points are either debatable or unknown. 
5Kappers, C. U •. A., Huber, G. C. and Crosby, E. C. ]ibid. p. 1446. 
6Kappers, C. U. A., et. al., Ibid, p. 1446. 
7Ramon Y Cajal, S. Ibid. 
7 
B. Review of the Literature 
1. The Post Commissural Fornix. 
In spite of the efforts of many investigators, a complete 
picture of the functional role of the fornix is still somewhat obscure. 
In order to evaluate the present state of research on this 
structure, the following experiments are divided into two groups because 
of fundamental differences in methodology. 
The first group includes those experiments in which the 
object of study was the effect of alterations of various parts of the central 
nervous system on a very broadly defined behavior sy.l1drome. Therefore, 
the interest was mainly anatomical or ph1lsiologi<;al. 
In contrast, the second group includes those experiments in 
which the main interest was the effect of a specific alteration of the central 
nervous system upon an objectively defined behavior criterion. Thus, the 
interest was primarily psychological. 
8 
In the first group are the studies of Poirier (monkey), 1 
2 ( . 3 4 Simpsom (monkey), Bard cat), · Bard and Monntcastle (cat), Spiegel 
et al (cat), 5 Rothfield and Harmon (cat), 6 and Wheatley (cat). 7 
The experiment of Wheatley is a prime exap::tple of the methodol-
ogy. In this experiment the animals were chosen from several hnndred on 
the basis of friendliness, and failure to show aggressive behuvior, even 
when subjected to noxious stimuli. 
1Poirier, L. T. Anatomical and experimental studies on the temporal 
pole of the macaque. ~ Comp. Neural., 1952, 96, 209-248. 
2simpson, D. A. The efferent fibers of the hippocampus in the monkey • 
.J:. Neural. Neurosurg. Psychiat., 1952, 15: 79-92. 
3Bard, .P. Feelings and Emotions. Ed. by M. L. Reymert. McGraw-
Hill Book Co., New York, 1950, chap. 18, pp. 211-237. 
~ard, P., and Monntcastle, V.B. Some forebrain mechanisms in-
volve.ui_-in expression of rage with special reference to suppression of angry 
behavior. Proc. Assn. Res. Nerv. Mant. Dis., 1948, 27: 362-404 • 
. 5Spiegel, E. A., Miller, H. R., and Oppenheimer, M. J. Forebrain and 
rage reactions. .J:. Neurophysiol., 1940, 3: 538-548. 
6Rothfield, F., and Harmon, P. J. On the relation of the hippocampal-
fornix system to the control of rage responses in the cat. J. Comp. Neural., 
1954, 101: 265-282. 
7 Wheatley, M. C. The hypothalamus and affective behavior in cats. 
Arch. Neural. Psychiat., Chica;ro, 1944, 52: 296-316. 
9 
Those finally selected were individually placed in an observation cage, and 
studied for one day prior to surgery. 
This study consisted bf noting the animals' responses to noise, 
air blasts 7 and controlled faradic current. No parameters of the various 
noxious stimuli were reported. In addition to tile cage observation, each 
experimental animal was judged for general attitude and behavior in contact 
with other animals. 
Wheatley accepts Bard's 1· definition of fear and an,ger, i.e. if the 
cat reacts by spitting, biting, and clawing, it is called anger. However, if 
the animal reacts by dashing off in a furtive manner, meowing, and going 
to cover on the first opportunity, it is called anger. 
The post-operative evaluation of behavior was made in a manner 
similar to the pre-operative behavior described above. The observation 
period extended over several weeks to more than one year. This post-
operative behavior was summarized in terms of four categories as follows: 
1) slight changes, 2) variable behavior, 3) definite and pronounced change, 
4) a mixture of poorly directed rage and general psychopathic manifestations. 
1
Bard, P., Eeellngs and Emotions. Ed. by M. L. Reymert. McGraw-
Hill Book Co., New York, 1950, chap. 18, pp. 211-237. 
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The surgery in this experiment was accomplished by thermocautery, 
using the Horsley-Clark stero~ic. The targets were structures surrounding 
the hypothalamus. The extent of each lesion, in each cat, was thoroughly 
evaluated, and then tied to the .post-operative behavior. 
From this group of experiments three contradictory facts emerge. 
First, from the work of Poirier, 1 Wheatls;y, 2 and Swann, 3 there is data to 
the effect that lesions of the fornix or its components do not alter the broadly 
determined pre-operative behavior. Second, from the work of Bard, 4 
Bard and Mountcastle, 5 and Simpson, 6 there is evidence that fornix lesions 
alter behavior in the direction of placidity. 
1Poirier, L. T. Anatomical and experimental studies on the temporal 
pole of the macaque. J. Gomp. Neurol., 1952, 96, 209-248. 
2Wheatley, M. C. The hypothalamus and affective behavior in cats. 
Arch. Neurol. Psychiat., Chicago, 1944, 52: 296-316. 
3-swann, H. G. The function of the brain in olfaction. J. Comp. Neurol., 
1934, 59: 175-202. 
4Bard, P. Feelings and Emotions. Ed. by M.L. Reymert. McGraw-
Hill Book Co., New York, 1950, chap. 18, pp. 211-237. 
~ard, P., and Mountcastle, V.B. Some forebrain mechanisms involved 
in expression of rage with special reference to suppression of angry behavior. 
Proc. Assn. Res. Nerv. Mant. Dis., 1948, 27: 362-404~ 
6
simpson, D. A. The efferent fibers of the hippocampus in the monkey. 
I· Neurol. Neurosurg. Psychiat., 1952, 15: 79-92. 
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1 . 2 Third, from the work of Spiegel et al , and Rothfield and Harmon , there is 
evidence that fornix lesions alter behavior in the direction of rage. 
Anatomically, the lesions in the experianent of Spiegel et al do 
not rmequivocally implicate the fornix, and Rothfield and Harmon achieved 
the rage behavior only after sizeable neocortical removals, in addition to 
lesions of the fornices. Therefore, the data from this group seems to indicate 
that lesions of the fornix result in little or no change in a broadly defined be-
havior criterion. If any change is manifested, it is in the direction of placidity. 
In the s econd group belong the experiments of Allen (dog)~ , 
Brady and Nauta (rat)4, Tracy and Harrison (rat) 5, and Harrison and Lyon 
6 (rat). 
1 Spiegel, E. A. , Miller, H. R. , and Oppenheimer, M. J. Ibid. 
2Rothfield, F., and Harmon, P. J. Ibid. 
3 Allen, W. F. Degeneration in the dog's mammillary body and 
Ammon's Horn following transection of the fornix. J. Comp. Neural. 1944, 
80: 283-291. 
4Brady, J. V., and Nauta, W. J. H. Subcortical Mechanisms in 
emotional behavior: affective changes following septal forebrain lesions in 
the albino rat. J. Comp. Physiol. Psychol., 1953, 46: 339-346. 
5Tracy, W.H. Changes in noise-maintained behavior following 
lesions in theseptal region of the rat. Ph. D. Dissertation. B. U. Psychology 
Laboratory, 1956. 
6Harrison, J. M., and Lyon, M. The role of the septal nuclei and 
components of the fornix in the behavior of the rat. ![. Comp. Neural., 1957, 
108: 121-138. 
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The pre-operative behaviors in these experiments are more 
objectively defined. In the experiment of Allen\ conditioned elfactory 
discriminations to cloves and asafetida are established before the removal 
of the pyriform1 amygdaloid and hippocampal areas. Harrison and Lyon 
2 
construeted a three-point rating scale composed of ten reactions based on 
3. 
the original observations of Brady and Nauta , on the sensory changes in 
animals with septal-fornix lesions. Tracy and Harrison 4 preoperatively 
conditioned animals to press a bar to escape a noxious noise stimulus, and 
then noted the changes in the aversive and discriminative functions of the 
auditory stimuli, in the post-operative period1 in animals with septal lesions. 
1 Allen, W. F. Degeneration in the dog's mammillary body and 
Ammon's horn following transection of the fornix. J. Comp. Neural., 1944, 
80: 283-291. 
2Harrison, J. M. , and Lyon, M. The role of the septal nuclei and 
components of the fornix in the behavior of the rat. J. Comp. Neurol. 1 19 571 
108: 121-138. 
3Brady, J. V., and Nauta1 W. J.H. Subcortical Mechanisms in emotional 
behavior: affective changes following septal forebrain lesions in the albino rat. 
J. Comp. :JP-hy.:Sibl. Psychol., 1953, 46: 339-346. 
4Tracy, W.H. Changes in noise-maintained behavior following lesions 
in the septal region of the rat. Ph. D. Dissertation. B. U. Psycholog-y 
Laboratory, 1956. 
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Allen1 found that olfactory discrimination was not disturbed due 
to pyriform-amygdaloid and hippocampal removals. He also stated that no 
sign of rage appeared in dogs with deleted hippocampi. Brady and Nauta2 
have described a behavior syndrome that seems to be correlated with septal-
fornix lesions. This syndrome consisted of a number of sensory and motor 
changes, but chiefly an increased sensitivity to auditory stimuli. Tracy and 
Harrison3 have confirmed other studies of Brady and Nauta by showing that 
lesions of the septum abolish the aversive function of the autlitory stimuli 
while leaving the discriminative function of such stimuli intact. 
1 Allen, W. F. Degeneration in the dog's mammillary body and Ammon's 
horn following transection of the fornix. J. Comp. Neurol. 1944, 80: 283-291. 
2Brady, J. V., and Nauta, W. J.H. Subcortical Mechanisms in emotional 
behavior; affective changes following septal forebrain lesions in the albino rat. 
J. Comp. Physiol. Psychol., 1953, 46: 339-346. 
3Tracy, W.H. Changes in noise-maintained behavior following lesions 
in the septal re¢on of the rat. Ph. D. Dissertation. B. U. Psychology 
Laboratory, 1956. 
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In a recent paper 1 Harrison and Lyon1 have pointed out that in the work of 
Brady and Nauta2, Tracy and Harrison3, the lesions do not unequivocally 
implicate the septum or fornix. The additional data provided by Harrison and 
Lyon4 point& td~' tb.e fact that "there is no consistent relation between post-
operative behavioral changes resembling fear or rage, and either small or 
inclusive lesions of the septal region ap.d hippocampal outflow ••• ". 
Therefore, it appears that there is general agreement between the lesion data 
derived from both groups of experiments, i.e., post-operative changes resem-
bling fear or rage do not result from lesions of the fornix or its components. 
Stimulation technique has also been used by other investigators to 
derive the function of the fornix. In the acute preparation the animal is 
stimulated while under anesthesia. 
---------------------------------------·-~----------------------------
1Harrison, J. M. , and Lyon, M. The role of the septal nuclei and 
components of the fornix in the behavior of the rat. _l. Comp. Neurol., 1957, 
108: 121-138. 
2Brady, J. V., and Nauta, W. J .H. Ibid. 
3Tracy, W.H. Ibid. 
4:a:arrison, J. M., and Lyon, M. Ibid. 
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The data with this technique has been obtained from the experi-
ments of Penfield and Erickson (human)\ Kaada (cat)2 and Carlson et al 
3 (cat). It appears that, when current spread from the stimulating electrode 
is controlled, there is no change elicited by fornix stimulation. 
Stimulation has also been used in a chronic preparation by 
implanting electrodes in such a manner that the animals :._ my be stimulated 
while freely moving about the experimental area. 
Utilizing this technique, both Olds4' 5 and Delgado et al6 have 
submitted contradictory data from stimulation of the fornix. 
1Penfield, W., and Erickson, T. C. Epilepsy and cerebral localiza-
tion. Springfield, ill., C. C. Thomas. 1941. 
2Kaada, B.R. Somata-Motor, Autonomic and Electrocorticographic 
Resonses to Electrical Stimulation of Rhinencephalic and other structures in 
Primates, Cat and Dog. Acta Physiologica Scandinavica, 1951, 24, 
(supplementum 83) p. 9. 
3 . 
Carlson, H. B. , Gelhorn, E., and Darrow, D. W. Representation of 
the sympathetic and parasympathetic nervous system in the forebrain of the cat. 
Arch. Neural. Psychiat., Chicago, 1941, 45, 105-116. 
4olds, J. Physiological Mechanisms of Reward. In Nebraska s-ymposium 
on Motivation. 1955, pp. 106-108. Univ. of Nebraska Press, Lincoln, Neb. 
5olds, J., and Milner, P. Positive Reinforcement produced by electri-
stimulation of septal area and other regions of rat brain. J. Comp. Physiol. 
Psychol., 1954, 47, 419-427. 
6Delgado, J.M.R., Roberts, W. W., and Miller, N. Learning Motivated 
by electrical stimulation of the brain. Amer. _I. Physiol., 1954, 179, 587-593. 
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In the Delgado experiment, cats were trained preoperatively to 
terminate shock by rotating a wheel. Post operatively, shock was replaced 
by electrical stimulation of electrodes implanted in several rhinen~ephalic 
areas. Stimulation of the fornix electrode resulted in strong motor effects 
and seizures. The motor effects were also characterized by sterotyped 
movemen~s, such as turni:g:g of the head, circling, pawing and licking. No 
new learning was Cl:chieved on this electrode, however an electrode located 
in the infero-medial part of the hippocampal gyrus resulted in successful 
conditioning to the electrical stimulation. 
Stimulation of the fornix electrode also resulted in well oriented 
movements aimed at escape. In addition, the animals jumped out of the box 
in which they had previously been stimulated. Therefore, the data seems to imply 
wa$ 
that stimulation of the fornix~ noxious to the animal. However, it also 
appeare/that the electrode was not clearly on the -fornix. It appeared that it 
could also be in the lateral dorsal nucleus of the thalamu-s. 
In contrast to Delgado's data 1ia.is the experiment of Olds2 in which 
(u~ 
stimulation of the fornix~ shown to act as a slight positive reinforcer to the 
animal, i.e. the animal will press a bar to receive electrical stimulation. 
lDelgado, J.M.R., Roberts, W.W., and Miller, N. Ibid. 
2
olds, J., and Milner, P. Ibid • . 
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The strong motor response that :i:s sometimes manifested by the animal does not 
extinguish the bar press behavior. Electrical stimulation also seemed to act 
as a positive reinforcer when the electrode was located in the posterior 
portion of the hippocampus septum and lateral dorsal nucleus of the thalamus. 
2. Caudate 
On the basis of clinical obsenvation older authors1' 2 report 
that in general, degeneration of the caudate results in "changes in muscle tone, 
the appearance of a peculiar type of tremor; the development of certain 
choreiform and athetoid movements; and the suppression or marked alteration 
in the performance of normal automatic associated movements. "3 Other 
observers 4' 5' 6 regard the corpus striatum as being concerned with visceral 
1Kappers, C. U.A., Huber, G. C., and Crosby, E. C. Ibid. p. 1453. 
2 Hunt, J. R. Progressive atrophy of the globus pallidus. Brain, 1917, 
vol. 40, pp. 68-J6. 
3Tilney, F., and Riley, H. A. The form and functions of the central 
nervous system. F. Roeber, N.Y., 1921, p. 816. --
4 . 
Morgan, L. 0. The corpus striatum. A study of secondary degenera-
tions following experimental lesions in cats. Arch. Neural. and Psychiat., 1927, 
vol. 18, p. 495,. 
5 
Baginsky, A., and Lehman, C. Sur Function des Corpus striatum. 
(nucleus caudatus). Arch._!. path. Anat., 1886, vol. 106, S 258. 
6Howell, W. N., and Austin, M. F. The Effect of Stimulating various 
portions of the cortex cerebri, caudate nucleus, and dura mater on blood pressure. 
Amer. _l. Physiol., 1899, 3, XXII-XXJII. 
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function such as smooth muscle action, respiration, temperature ,regulation 
and papillary contraction. Recently, Heath et al 1 reported that with ablation 
of the caudate along with the septum and basal part of the oliactory cortex 
responses to noxious stimuli were "feeble", and fear, rage, etc. had dis-
appeared. These animals also showed a'!Loss of spontaneous movement, 
diminiifii.on of motor movement" and assumed "bizarre postures" that were 
maintained for long periods of time. 
It appears that some of the syndrome reported by Heath, parti-
cularly the motor effects, agrees with clinic observation. Nevertheless, 
the lack of adequate response to painful stimuli is not correlated with 
destruction of the olfactory cortex. 2., 3' The destruction of the septum, 
according to the most recent data, is not responsible for the behavior 
change. Therefore, by implication the caudate must be responsible for the 
alteration in behavior. If destruction of the caudate decreases the noxiousness of 
painful stimuli, it is assumed that stimulation of the intact structure would 
produce an effect in the opposite direction. 
------------------------------------------------------------------
1Heath, R. G. Behavioral crumges following destruction lesions in the 
subcortical structures of the forebrain in cats. Chap. 3 in Heath, R.G., et al. 
Studies in Schizophrenia, Cambridge, Harvard Univ. Press, 1954: 83-84. 
2.Allen, W.F. Effect of ablating the frontal lobes, and oacipito-parieto-
temporal (excepting pyriform areas) lobes on positive and negative oliactory con-
ditinned reflexes. Amer. ~ Physiol., 1940, 128: 754-771. 
3 Allen, W. F. Effect of ablating the pyriform-amygdaloid areas and 
luppocampi on positive. and negative oliactory conditioned reflexes and conditioned 
oliactory differentiation. Amer.1. Physiol., 1941, 132: 81-92. 
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1 
However, Olds has shown that caudate stimulation acts as positive rein-
forcement. This contradicts Heath 1s 2 data. 
In recent literature, the caudate is also believed to be involved 
in the suppresse1t circuit, initiating and eventually terminating, via the 
thalamus, in the neocortex. 3' 4 However, much of this speculation has 
far outstripped the experimental evidence, and the complete functional 
contribution of the caudate to behavior .stilL·remains to be displosed. 
1olds, J. Physiological Mechanisms of Reward. In Nebraska 
Symposium on Motivation. 1955, pp. 106-108. Univ. of Nebraska 
Press, Lincoln, Neb. 
2Heath, R. G. Behavioral changes following destructive lesions 
in the subcortical structures of the forebrain in cats. Chap. 3 in He(!th, 
R. G., et al. Studies in Schizophrenia, Cambridge, Harvard-~ Univ. Press, 
1954: 83-84. 
3Ruch, T. C. Motor Systems •. Ch. 5 in Hdbk of Experimental 
Psychology, Ed. by S. S. Stevens, 1951, John Wiley and Sons, Inc., N.Y., 
pp. 188-190. 
~ucy, P. G. Relation to abnormal involuntary movements. Chap. 15 
in the Precentral Motor Cortex. Illinois Monogr. Med. Sci. (1st Ed.), 1944, 
4: 395-408. 
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C. The Problem 
In the review of the literature on the fornix and its components, 
it seems that evidence favored the fact that restricted lesions were not 
correlated with any behavior change. Stimulation of the same structure 
resulted in contradictory evidence. Data from lesions of the caudate rests 
largely on clinical evidence, and this is generously supplemented with 
speculation based largely on its assumed anatomical connections. The 
behavior data that exists is sparse and contradictory. 
Therefore, the problem to be investigated is two-fold. First, 
what is the effect of stimulation of the fornix or its components on an objec-
tive behavior criterion ? Will it act as a positive reinforcer as Olds has 
claimed, or will it be a negative reinforcer (i.e. noxious) to the animal1 
as is claimed by Delgado et al? 
Second, what is the effect of stimulation of the caudate? Will 
it be less noxious to the animal, as inferred from Heath's work, or will it 
also be positive reinforcement as Olds has claimed? In addition, there is 
the question of verifying the motor effects of such stimulation. 
In order to systematiGally obtain some of the answers to these 
questions, it is first necessary to establish some behavior to a noxious 
stimulus in the "normal" animal. Such behavior will be used in this study 
to appraise the effects of stimulation on both the fornix and caudate. Also, 
in order to verify the data on the motor effects of stimulation, the intensity 
21 
variable will be systematically· increased to a high level, and the effects 
observed on both structures. 
In the following chapters are the specific details of the design 
of this experiment, the results, and a discussion of the data in the light of 
the initial problems. 
--------------~-----------------------------------------------------
CHAPTER II 
THE METHOD 
Initially gray noise was chosen as the noxious stimulus, and the 
animal was conditioned to terminate it by pressing a lever. 
Thus, the noise was a discriminative stimulus (SD) that indicated 
a response (lever press) would be reinforced, i.e. terminate the noise. 
Therefore, the noise maintained, and its termination reinforced the 
escape response to the noxious stimulus. 1 Throughout this experiment, 
especially with the stimulation, noise (sD~, and its absence (SA) is used 
to maintain b:ehavior~. Jt is the base from which most of the evaluations 
of the effect of stimulation are made. 
The subjects (S) used in this experiment were 7 adult male cats. 2 
A. The Experimental Desig-n 
1. Pre-operative Behavior 
Each S was placed in a modified Skinner box (see Fig. 9) with a 
response lever at one end. The noxious stimulus was fed into the box 
through a loud speaker, and it contained all frequencies between 2000 and 
15,000 c.p. s. 
--------------------------------------------------------------------
1Harrison, J. M. National Science Foundation. Annual Report-
Contract No. G 919. 1956. p. 3. 
2In the course of this experiment approximately 30 cats were used, 
although only the seven reported here were systematically employed. 
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As stated previously, reinforcement consisted of the termination 
of the stimulus. Two reinforcement schedules were used. On the first 
of these, continuous reinforcement (crf) the noise was continuously present 
until the lever was pressed. Each press terminated the noise for 40 seconds. 
The length of the silent period was not altered by responses made during this 
period (S.ll.). In the second schedule, Variable Interval (VI), only those res- . 
ponses that occurred following a specified time interval after the last rein-
forcement terminated the noise. Responses that occurred between rein-
forcements were wi'thout effect. Except for the fact that the interval between 
reinforcements varied from one insta.nce to the next, the procedure used was 
identical to that used by Kaplan. 1 The VI schedule had an average value of 30". 
Counters recorded the total number of sD responses, the total number 
of responses in the presence of sound, and the total number of S.t>.responses. 
Responses and reinforcements were also recorded on a cumulative recorder. 
The time between the onset of the stimulus, and its next termination by the 
animal was cumulated over each session (Lc). 
When the sD responses to the noxious stimulus had stabilized the 
D 
intensity was varied so that the rate of responding (S /~) could be plotted 
as a function of the intensity of the stimulus. The range also included values 
at which sD responding ceased (threshold). In the preliminary training, all 
---------------------------------------------------------------------
1Kaplan, M. The effect of noxious stimulus intensity and duration 
during intermittent reinforcement of escape behavior. _I. Comp. P,hysiol. 
Psychol., 1952, 45, 97-101. 
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the animals had spent at least 150 hours in the box prior to the present 
experiment. During this time, an approximaii:On to the function, to be 
reported in the next chapter, was taken. Initially, all animals were run 
for at least three sessions at zero sound intensity to determine the· operant 
level. Two animals were run on crf, and two on VI. 
Experimental sessions were 100 min. long. The first 42 min. were 
a warm-up period, and only data collected during the last 58 min. was -: used. 
Each intensity value of the stimulus was presented for a series of six con-
secutive sessions, only the last five of whiGh were used to supply data. The 
intensities used and their order of presentation were as follows: • 225v, 
.425'v, .lv, .05v, 1.65v, 15v, .012'6v, .025v. Each animal worked a total 
of approximately 181 hrs. in the apparatus to supply the data to be reported 
bn this preoperative period. 
2. Surgical Procedure 
Some two weeks before the operation, each animal was fitted to a 
leather harness which was worn in the home cage up to the time the operation 
was scheduled. During this period, noise sessions were continued until the 
animal had completely adapted to the harness in the box. 
The anesthesia used for each animal was nembusen given IP. 
The dosage was 35 mg/kilo. It was empirically determined that this 
would keep the animal under for a period of about 7 1/2 hours, the deepest 
level being maintained for about 5 hrs. 
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The animal was prepared for the surgical procedure by clipping 
the hair on the head and neck. This area was then swabbed with a 10% 
solution of iodine. 
The animal was then fitted into a sterotaxic (Lab-Tronics model #4) 
and a Czermak head holder was used to secure the head. The ear bars and 
plugs were not used in order to prevent any incidental damage to the ear 
itseli. The sterotax:i.c was modified somewhat to permit the use of the head 
holder {see Fig #1). The entire apparatus was designed to insure rigidity 
of the animal. 
A sterile surgical procedure was performed as follows: A midline 
incision was made from about 2 em. in front of the bregma to 3 mm posterior 
to it. The skin was then retracted, followed by fascia and temporal muscle 
of both sides in like manner. The skull was then cleared of tis sure and all 
bleeding minimized. Wet dressings were continually placed arou.nd the wound 
while the leveling procedures with the electrode carrier we.re completed. 
When this was accomplished the location of the electrode placement was 
de termined on the skull. 1 An opening was enlarged (2mm) to permit the 
·passage of the electrode assembly. A Zeiss microscope was then lowered 
over the wound, and with this increase in magnification the dura was punctured 
following the circumference of the skull opening. Finally, the skull was 
------------------------------------------~-------------------------
1Jasper, H.H. and Ajmone-Marsan, C. A Sterotax:i.c Atlas of the 
Diencephalon of the Cat. The National Research Council of Canada, Ottawa, 
2, Canada, 19 51. 
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cleared of all debris, wax applied to any bone bleeding, and the position of 
the skull rechecked. Initial bone bleeding was controlled by running the drill 
in bone wax after it was placed in the chuck. A similar process was repeated 
on the remaining hemisphere. 
Two ground screws were attached to the skull, one in each herrusphere, 
some 5mm. posterior to the skull openings. The electrode assembly (see 
details of construction on page 31) was then carefully inserted into the skull 
and its ground wire attached to the screw lying posterior to it. The skull was 
then carefully dried, and a freshly mixed combination of liquid monomer and 
powderw.O~ymer1 sparingly· applied arou..Yl.d the implant site with a dental spatula. 
This mixture was given approximately 15 min. to harden, and then the assembly 
was released from the sterotaxic electrode carrier. The process was repeated 
a second time, and the plastic cement generously app+Led to cover the entire 
implant site along with its ground screw. A similar procedure was followed 
in securing the assembly and ground screw in the remaining hemisphere. 
After the plastic had hardened, a small stab wound was made in the 
dorsal part of the neck, just above the medial portion of the acromeotrapezius 
muscle. A small metal tube was then inserted through this wound, and it 
made an exit at the posterior end of the head incision. Leads from the 
1 Justi research grade methyl methacrylate plastic cement obtained 
from J. D. Justi and Sons, Philadelphia, Pa. 
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electrode assembly, carefully marked, (e.g. Left hemisphere, set A el. #1 
set. A. el. #2; and similariy, the right hemisphere set B el. #1 and set B el. #2) 
were placed within the tube. It was then slowly withdrawn through the stab wound 
leaving the electrode leads threaded undisturbed through the intervening tissue. 
When this had been accomplished, retractors and hemostats were re-
moved, fascia and muscle approxi;mated with fine gut, and the outer layer 
sealed with Mickel wound clips. A purse-string suture closed the stab wound. 
To prevent any breakage of the electrode leads, each assembly was coiled 
in a lazy loop on both sides of the neck before the head incision was closed 
(see X -rays Fig. 3 a._n.d 4). 
The entire wound was then covered with a myciguent ointment. No 
other antibiotic was given since no sign of infection appeared. Finally, the 
leather harness was replaced on the animal. The electrode assembly (el #1, 
and el #2) coming from the left hemisphere (set A) was connected to the lugs 
of the female Jones plug that was soldered on the :m,etal cross-strip of the 
harness. The remaining assembly (set B) was coiled and taped to the side 
strap of the harness. The entire unit on the animal's back was then covered 
with soft leather. (See illustrations of the completed unit - Fig. 8). X-rays 
were taken of each animal in order to check the passage of the electrode 
through the cerebrum. These X -rays are shown in figures 2 to 6. 
Note that in figure 3, the electrode assembly was angulated through 
the cierebrum. This was necessary to avoid a puncture of the middle cerebral 
artery. 
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A large number of animals were used in this experiment to perfect 
various procedures and techniques. Cats #2 and #4 did not survive the 
surgical p-rocedure because the electro-de assembly punctured the middle 
·~ 
cerebral artery in its passage to the target. This insult resulted'large~ 
db;-m~J~ 
subdural hematomae and eventual loss of both~ For· this reason, three 
new animals, untrained preoperatively, were added to the group. These 
are Cats #11, #13, and #17. Each has electrode implants similar to the 
preoperative animals (#1 and #6). These animals were used principally 
to check the motor effects of stimulation. 
3. Post-Operative Behavior . 
After a short recovery period, the noise-trained animals (Cats #1 
and #6) were checked for the return of the pre-operative training by using 
the number of sD responses per 15 min. as criteria. If the animal gave 
15 responses in this peridd to the highest intensity, it was considered 
adequate, since this compares favorably with the data taken pre-operatively. 
The completed pre-operative function (see the next chapter for details of 
results) for the crf animals was almost a straight line above the • 425v level. 
Therefore, the post-operative test procedures with noise as a behavior main-
tainer include the range from • 42 5v to 15v. Several new points (1. 0 5v, 2.1 v, 
4. 2v) were added within this range to check the stability of the function thus 
obtained. 
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For the data to be reported here, each animal was tested in the 
box on the following intensities: 15v, 5.6v, 4.2v, 2.1v, 1.05v, and 
• 425v. Only a crf schedule was used, and each intensity was run for 15 
min. The entire session took 100 min. with a 10 min. warm-up period. 
The session was repeated for two consecutive days, and the average 
reported. Although the duration of each individual session was the same 
as a pre-operative session, the function obtained in each case was not 
directly comparable. The function obtained post-operatively was the 
result of changes in' the parameters of the intensity variable, and the 
method of determining each point. The change in the pre and post-
operative functions was not the intent of the experiment. The main 
interest was the post-operative function since it was used as a base to 
determine the effects of stimulation, which was the problem of main 
concern. 
When the noise data had been obtained the contingent behavior to 
stimulation was secured under the following three conditions. 
(1) With the noise stimulus constant (15v}, the electrode voltage 
was increased from • 5 to 3. 5v in seven steps of • 5v increases. 
Each step was of 15 min. duration under a crf schedule. Both 
noise and electrode voltage was terminated for 40 sec. each 
time the lever was pressed. The sD, S~and cumulative latency 
(Lc} was recorded. The rep-orted data was from one 115 min. 
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Figure 2 - X-ray of Cat #1 
32 
Figure 3 - X-ray of Cat #6 
33 
Figure 4 - X-ray of Cat =/1:11. The electrode~ seem to cross due 
to the angle of the picture. The wire loop is also 
clearly visible. 
- 34 
Figure 5 - - X-ray of Cat #13 
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Figure 6 -X-ray of Cat 4H 7. Note loop of lead-in wire just 
posterior to the supra-occipital, and above the 
lambdoidal ridge. 
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session (10 min. warm-up), and this session was repeated for each electrode 
in each animal. 
(2) With the noise gradually decreased to zero in the following 
steps: 15v, 5. 6v, 4. 2v, 2.1v, 1. 05v, • 425v, Ov, the electrode 
voltage was concomitantly increased from • 5v to 3. 5v in • 5v 
steps. The parameters were exactly the same as the previous 
behavior contingency. 
(3) When the above was completed on each electrode the con-
tingency was changed. Now the animal received stimulation 
of • 5 sec. duration as soon as the lever was pressed, and the 
intensity of stimulation was gradually increased in • 2v steps. 
The range was from .2v to 1.6v. Each animal was run with 
this contingency for 30 min. at each step, and the entire 
session was 250 min. long (10 min. warm-up). One session 
on each electrode in every animal was used to supply the data. 
Counters tabulated the number of responses in each step, and 
a cumulative recorder issued a visible record of the entire 
session for each electrode. 
Finally, non-contingent behavior was checked by observing each 
animal's response to stimulation up th the seizure point. In this situation, 
the stimulation intensity covered the range from • 5v to 8. 5v unless the seizure 
threshold occurred before the maximum was reached. The intensity was in-
creased in • 5v steps. Each stimulus had a duration of 5 sec. and was 
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delivered every 15 sec. for 150 sec. This procedure was followed for each 
intensity, and every electrode in each animal was tested in like manner. 
The first two contingent behaviors, wherein both noise and electrode 
voltage was used essentially duplicates the stimulation values used by Delgado. 
The third contingent behavior largely duplicates the stimulation range used by 
Olds. The non-contingent behavior was used as a check of the motor effects 
of stimulation over a very wide range. The resulting behavior that was 
observed was in the form of protocols. Therefore, stimulation data using 
Delgado's parameters with noise as a base was obtained from 8 electrodes 
in the two pre-operatively;-trained. animals. The Olds' contingency was 
checked along with the non-contingent behavior in all animals. This totals 
to 20 electrodes tested for the remaining two types of behaviors. 
4. Histology 
After the post operative behavior data had been obtained, each 
animal, in turn, was sacrificed. The brain was then removed and placed 
in formalin {10%} for approximately 60 hrs. At this time, the hemispheres 
wem halved, and left for another 42 hrs. in formalin. Then each hemisphere 
was embedded, sectioned, and stained in alternate sections for cells, by the 
Nissl method, and, for fibers, via the Well method. The sections were cut 
at 15 micra and every lOth section mounted. Animals #11, #13 and #17 were 
cut in the saggittal plane, animal #1 in the coronal plane, and animal #6 in 
the transverse plane. 
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B. The Apparatus 
1. The pre-operative equipment 
The experimental apparatus consisted of a box, 18 in. by 13 in. by 
26 in. high, with a lever at one end. The noxious stimulus, the noise, was 
fed into the box through a Tweeter speaker (University type 4401). The 
noise contained all frequencies between 2, 000 and 15, 000 cps. The intensity 
of the noise was measured by a vacuum tube volt-meier connected across 
the terminals of the speaker. On the assumption that the speaker had a 
linear intensity function over its operating range, relative changes in sound 
intensity were proportional to the ratio of the squares of the input voltage. 
Beside the speaker was a plug-in unit coming from the electrode 
stimulator (see Figs. · 7 and 9). From this plug-in unit a coiled telephone 
wire extended to the socket soldered on the animal's harness. 'Ihls coiled 
wire connected the implanted electrodes to the stimulator unit, and also 
allowed the animal considerable freedom of movement. 
The modified Skinner box with its attachments was located in an 
isolated sound-proof room. The control and recording equipment was in 
an adjoining room so that spurious noise would not interfere with the 
experiment. 
See the illustration of the box, control and recording apparatus, 
animal plug-in unit, and cage assembly pack (Figs. 7, 8, and 9). 
Figure 7 
I 
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} 
A. animal hooked-up in apparatus, stimulation at 
seizure level. 
B. animal at stimulation of 2. 5v. motionless. 
A 
B 
40 
Figure 8 A. animal in box before stimulation session. 
Note plug-in pack on harness. 
B. animal just before return to home cage. 
Note _-pack on harness. 
"' A R 
"' A R 
B 
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For the noise-escape part of the experiment, the control and recording 
equipment consisted of the following units: a two-stage transistor noise 
generator, noise amplifier, Gerbrands recorder, timer units to control 
the parameters of the intensity variable, Hickock voltmeter, counters to 
record sD and S6 responses and a chronoscope to automatically register 
the Lc over the 58 min. session. 
2. 'J:'4e Post-Operative EqUipment 
For the post-operative ·stimulation sessions the following units 
were added: a 115v, 60 c/sec imput stimulator, a voltage calibrator 
(Dumont Type 264-B) and an oscilloscope {Dumont Type 208-B). 
Specifically, the stimulator unit was a 12v step-down transformer whose output 
\. 
was connected across a potentiometer. This potentiometer is in turn connected 
via a toggle switch to either one of two electrodes. Another toggle switch 
selected between the chosen electrode, and a variable resistor, , the so-called 
dummy animal. The 'dummy' was wired in so that a careful monitoring of 
the current received by the animal might be maintained, and thereby kept 
constant. 1 
-------------------------------------------·----------------------------
1For additional information on the use of a dummy animal, see: 
Lilly, J. G., Austin, G. M., and Chambers, W. W. Threshold movements 
produced by excitation of cerebral cortex and efferent fibers with some 
parametric regions of rectangular current pulses (cats and monkeys). 
I· Neurophysiol., 1952l 15: 319-341. 
' a 
I ~ 
I . 
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.. 
Figure 9. A. Experimental Box 
B. Control equipment complete 
-- A 
B 
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3. The electrodes 
The electrodes were assembled in the following manner. A 22" 
length of size 5-0 surgalloy metallic suture was cut, and placed in a 
solution of 70% .alcbhol. Care was always taken that the cut end was 
severed cleanly from the remaining roll. Then an 18" length of size 
PE 10 polyethylene tubing was secured. The surgalloy was then threaded 
through the PE 10 with a pair of forceps. (If the forceps are frequently 
dipped in the alcohol solution, and the surgalioy threaded as it comes from 
the alcohol, the metallic suture will very easily- pass through the tubing.) 
A six" length of #25 stainless steel wire was used as the conducting 
electrode. At the 311 point on this wire, a tight loop was made with one end 
of the recently threaded sur~oy. This connection was then tinned and 
soldered. A 2" length of PE 50 tubing was fitted on the 3" length of the 
#25 ·stainless steel wire. The remaining 3" of wire serves as a means to 
hold the electrode assembly in the sterotaxic carrier. In fitting the PE 50 
tubing over the wire, it was foillld useful to cut the tubing on an angle so 
that the protruding portion would slide up and over the soldered joint. 
This adds some mechanical advantage in holding the tubing to the wire. 
When this stage in the construction was reached, the entire electrode 
thus formed was sprayed with acrylic and allowed to dry. Care was taken that 
the soldered joint forming the attachment of, the surgalloy to the electrode was 
well coated. The spraying process was repeated 3 times. The acrylic along 
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with the polythylene tubing insulated the electrode and the surgalloy lead-in 
wire. The uncovered 3" length of wire was detached during the surgical pro~ 
cedure and the remaining 3" length (the electrode) was cut to the desired 
length just before surgery. 
This entire process was repeated for each electrode. In this experi-
ment where two electrodes were used in each assembly, the second electrode 
was relieved of its 3" uncovered length, and attached to the first by means 
of Duco cement. Each electrode was cut to the desired length before attach-
ing one to the other. 
The assembly was completed by taking a 30" piece of surgalloy and 
winding it carefully around the 22" lengths of insulated surgalloy. This is 
the ground wire, and a 2" length is left free about 1" behind the soldered 
connection to be later attached to the ground screw. Each electrode was 
then labelled at its distal end with the number of the assembly and electrode. 
The assemblies in this experiment were labelled. A for the left hemisphere, 
and B for the right hemisphere, in all animals. The electrodes were labelled 
#1 for the anterior, and #2 for the posterior. The electrode lengths were 
usually 16. 5 mm to 17. 5 mm in length, the latter being the most anterior. 
The implant site on the skull was determined by using the sterotaxic atlas 
of Jasper and Ajmone-Marson1 as a guide along with a corir!ection determined 
1Jasper, H. H., and Ajmone-Marson, C. Ibid. 
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for this particular sterotaxic setup. The principal plate used in the atlas 
was Sec. 120 with the frontal plane of 13. 5 mm. The lateral measurement 
used was 3 mm since with this electrode assembly, lateral placements 
closer to the midline tended to exit into the longitudinal fissure. 
Each assembly was sterilized by placing them in zephiran 24 hrs. 
before use. It was found that zephiran initiates a corrosive action on the 
assembly if stored for longer than this period. 
CHAPTER III 
RESULTS OF THE EXPERIMENT 
A. The Pre-Operative Behavior 
1. The Noise--Escape Function 
Shown in Figures 10 and 11 are the8results from the animals run 
under crf and VI conditions, respectively. Performance is expressed 
as average response rate in the presence of sound. Response rates for 
both schedules were calculated by dividing the total number of SD 
responses by the total time (Lc) the sound was on. For convenience~ 
the noise intensity in these figures (the abscissa) has been expressed 
as the ~og function of mv2• 
In tables I and II are indicated the response counts and time 
measures, together with their standard deviations. These tables 
generated Figures 10 and 11. 
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Figure 11 Cats #2 and #6 under VI schedule 
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TABLE I 
RESPONSE AND DURATION OF SOUND AS A 
FUNCTION OF THE INTENSITY OF THE STIMULUS (crf) 
Stimulus 
SD's per Session 
Duration of Sound 
Intensity (V) per Session L · c 
Cat #1 Cat #4 Cat #1 Cat #4 
M SD M SD M SD M 
I 
o.o o.o · 
-
0· .. 0 
-
58.0 
-
58.0 
.0125 0.0 
-
5.2 7. 1 58.0 
-
54.5 
.025 4.4 3.2 13.6 9.1 54.0 2.5 49.0 
.05 10.4 10.0 24.2 14.9 50.8 6.1 42.7 
.1 18.8 13.2 70.8 4.3 46.4 7.6 15.4 
;225 46.4 11.9 64.8 4. 5 25.6 9.8 8.6 
• 425 64.0 7.4 73.0 6.4 17.6 2.7 10.1 
1. 65 62. 4 4.3 73.0 1.6 11.2 2.7 6.7 
5.6 67.4 3.5 74.0 2.4 11.0 1.6 4.3 
~5. 0 66.2 6.2 73.4 3.6 9.1 2.2 4.5 
SD 
-
4.9 
5. 5 
9.1 
3.3 
4.5 
3. 5 
0.8 
0.6 
1.0 
Stimulus 
Intensity (V) 
-----------·-
.05 
.1 
~ , 225 
• 425 
1.65 
5. 6 
15.0 
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TABLE II 
RESPONSE AND DURATION OF SOUND AS A 
FUNCTION OF THE INTENSITY OF THE STIMULUS (VI 
sD's per session 
Duration of sound per 
session Lc 
---------------------------------------------------------~ 
Cat#2 Cat #6 Cat #2 Gat #6 
M SD M SD M SD M SD 
5.8 4.0 o.o - 55.7 1.9 58.0 -
8.6 5. 6 22.0 2.8 54.2 2.7 56.7 1.1 
22.8 3.4 30.4 8~2 48.7 2.9 52.5 1.7 
48.0 9.4 59.8 7.2 44.2 1.4 40.6 1.2 
111.4 10.9 111.6 4.9 33.1 3.0 27.8 1.7 
131.0 5. 6 194.6 5. 9 34.2 1.0 26.6 0.5 
106.0 6.9 168.4 9.1 30.7 0.9 29.6 2.0 
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2. Burst Behavior 
Two cumulative records, one at a high and the other at a low stimulus 
intensity are shown in Figure 12. 
I 
0 
0 
(\J 
1 ------------------~,~\~ \\"'("\\ \ ,, 
lllfk--15 mr,n-r -~,.j 
Figure 12 two cumulative records for Cat #4, 
A is at high intensity, and :B is at 
low in tensity 
B 
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In Figure 13, there is another type of burst phenomena occurring 
with some regularity in the 42 min. warmup period. It consists chiefly 
of s .A responses, and occurs at any intensity. 
T 
a:. 
0 
0 
(\j 
l 
Figure 13 Burst phenomena during warmp.p period 
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3. Thresholds 
The thresholds for responding to the noxious stimulus intensity are given 
in Table III. 
TABLE ill 
STIMULUS INTENSITIES BELOW WHICH RESPONDING CEASES 
Cat number 
#1 
#2 
#4 
#6 
B. The Post-Operative Behavior 
1. The sound-trained animals 
a. Post-operative noise 
Reinforcement Schedule Threshold (V) 
crf .025 
VI .05 
crf .0125 
VI .1 
Shown in Figure 14 are the results from cats #1 and #6 run at the following 
stimulus intensities: • 425v, 1. 05v, 2.1v, 4. 2v, 5. 6v, and 15v under a crf 
* schedule. Each animal was run for two sessions and performance is expressed 
as an average response rate in the presence of sound. Response rate was cal-
culated by dividing the total number of sD responses by the total time the sound 
was on (L ). Response counts and time measures with the calculated rate for 
c 
each of the 15 min. periods in the session are given in Table 4. 
*Cat #6 was also run on a crf schedule before VI training. Before surgery 
this animal was put back on crf and results similar to Cat #1 were obtained. 
J ; 
Fi_gure 14 Post-operative noise, rate intensity filllction 
57 
POST-OPERATIVE RESPONSES, DURATION OF SOUND, AND RATE 
AS A FUNCTION OF THE INTENSITY OF THE STIMULUS (crf} 
Stimulus 
Intensity (V} SD' s per session Duration of sound per session (L } 
Ra!J per Intensity 
(S /Lc} 
.425v 
1.05 
2.1 
4.2 
5.6 
15.0 
Cat =#=1 
16 
15 
15 
16 
16 
20 
b. Stimulation 
Cat =11=6 Cat =#=1 
20 4.8 
21 5.0 
20 4.0 
20 4.2 
19 3.5 
19 3.7 
c 
Cat =11=6 Cat =#=1 Cat =#=6 
2.1 3.3 9.2 
2.7 3.0 8.0 
2. 2 3.7 8.8 
1.9 3.8 10.2 
2.1 4.5 8.5 
2.3 5.4 8.1 
Shown in figures f5 through 'l/8 are the results from cats =#=1 and #6 run under two 
conditions of stimulation. The first condition was with the noise constant and the 
electrode voltage increased. The second ·condition was with the noise gradually 
decreased, and the electrode voltage increased as in the previous condition. The 
rate-intensity function was plotted for each electrode in each animal. Note that 
the horizontal area in each graph denotes the post-operative noise;_rate range. 
In tables =#=5 to· #12 are the data which generated the previous stimulation 
functions. They contain the response counts, duration of sound per 15 min. period, 
and the rate calculated as before. Each set of functions is followed by the date 
upon which it is based. 
J. . 
if"!' I min. 
5. 
4. 
3. 
2.. 
1 
0 
Cat .IJ1 . 
el.*t Se.i A 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
) 
" 
e------e 
• • 
no 'rse col!sta'hl ""el. vo\ta1e. i'rlcve.uc.d. 
)1oi st. dc.c.ve.a5ed - c: I. volia,c. 'rn~vea.~ed 
Figure 15 Stimulation Function Cat #1 1 Set A, electrode #1. 
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TABLE V 
RESPONSES, DURATION OF SOUND, AND RATE UNDER TWO CONDITIONS 
OF CONCOIVIITANT STIMULATION 
Cat #1 electrode #1 Set A-noise reduced, electrode voltage increased 
Noise electrode 
Intensity (V) intensity (v) 
15.0 • 5 
5.6 1.0 
4.2 1.5 
2.1 2.0 
1.05 2. 5 
• 425 3.0 
.0 3. 5 
D S 's per 
session 
18 
17 
16 
16 
13 
14 
g 
Duration of 
Sound (I~ ) 
c 
3.0 
4.0 
3.5 
3.3 
5.4 
5.4 
8.2 
electrode #1 set A-nois.e constant, electrode voltage increased 
15.0 • 5 21 5.1 
15.0 1.0 18 2.8 
15.0 1.5 20 1.4 
15.0 2.0 17 3.0 
15.0 2.5 17 3.4 
15.0 3.0 18 2.3 
15.0 3. 5 17 3.0 
Rate 
( sD;~l_ 
6.0 
4.2 
4.5 
5.0 
2.4 
2.6 
1.0 
4.2 
6.6 
15.3 
5.6 
5.0 
7.8 
5. 6 
Cat #1 
ei.*E Set A 
I 
I 
?----. 
r--------- I · ~ ?-, /~ 
.__ ~ // ', I 
..1-+-- -~/ ~
.3.o -4'.o 
Stimulus Int. (v) 
Figure 16 • -----. noise constant, el. voltage increased 
noise decreased, el. voltage in0reased 
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TABLE VI 
RESPONSES, DURATION OF SOUND, AND RATE UNDER TWO CONDITIONS 
OF CONCOMITANT STIMULATION 
Cat #1 electrode #2 set A-noise reduced, electrode voltage increased 
electrode D Duration of ~te Noise · S·. · .18:: per 
Intensity (v) intensity (v) session Sound (Lc) ( S /L ) 
c 
15.0 .5 17 3.6 4.7 
5.6 1.0 13 5.0 2.6 
4.2 1.5 14 5.0 2.6 
2.1 2.0 15 6.0 2. 5 
1.05 2.5 13 6.6 2.4 
.425 3.0 11 4.7 1.6 
0.0 3. 5 16 5.3 3.4 
electrode #2 :set A-noise constant, electrode voltage increased 
15.0 • 5 14 4.0 3.5 
15.0 1.0 15 4.7 3.1 
15.0 1.5 14 5. 5 2. 5 
15.0 2.0 18 3.7 4.8 
15.0 2. 5 15 4.7 3 .• 1 
15.0 3.0 20 2.2 9.0 
15.0 3. 5 17 2.1 8.5 
StLmulus Int. (v) 
Figure 17 • -----. noise constant, el. voltage increased 
• • noise decreased, el. voltage increased 
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TABLE VII 
RESPONSES, DURATION OF SOUND AND RATE UNDER TWO CONDITIONS 
OF CONTOlvTITANT STIMULATION 
Cat #1 electrode #1 set B-noise reduced, electrode voltage increased 
Noise 
Intensity (v) 
15.0 
5.6 
4.2 
2.1 
1.05 
• 425 
. o 
electrode 
intensity 
• 5 
1.0 
1.5 
2.0 
2. 5 
·3. 0 
3. 5 . 
sD's per 
session 
18 
14 
18 
19 
15 
13 
6 
electrode #1 set B-noise constant, 
15.0 • 5 14 
15.0 1.0 13 
15.0 1.5 13 
15.0 2.0 13 
15.0 2. 5 15 
15.0 3.0 11 
15.0 3.5 10 
Duration of ~ate 
Sound (Lc) ( S /Lc} 
6.7 2.6 
5.4 2.6 
5.0 3.6 
5. 6 3.4 
4.4 3'.4 
7.0 1.8 
12.3 .4 
electrode voltage increased 
5.4 2.5 
7.3 1.7 
6.1 2.1 
6.4 2.0 
6.0 2.5 
7.0 1.5 
7.7 1.3 
~ 
I \ 
I ' 
I \ 
I 
I ~ 
I 
I 
I 
I 
I 
r----------------~·--------~ 
I 
" 
2.0 
,. 
,. 
,. 
Figure 18 • ------. noise constant, el. voltage increased 
--. noise decreased, el. voltage increased. 
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TABLE VIII 
RESPONSES, DURATION OF SJUND, AND RATE UNDER TWO CONDITIONS 
OF CONCOWTANT STIMULATION 
Gat =#=1 electrode =#=2 s ef.R -noise reduced, electrode voltage increased 
Noise electrode sD /s per Duration of Rate 
Intensity (v) intensity (v) session Sound(Lc) (sD /Lc> 
15.0 • 5v 18 4.0 4.5 
5.6 1.0 16 5.0 3.2 
4.2 1.5 15 4.9 3.0 
2.1 2.0 14 5.3 2.6 
1.05 · 2. 5 12 6.8 1.7 
• 425 3.0 9 7.4 1.2 
.o 3.5 1 13.5 • 07 
electrode =#=2 set B -noise constant, electrode voltage increased 
15.0 • 5 14 6.0 2.3 
15.0 1.0 16 5.0 3.2 
15.0 1.5 16 4.5 3. 5 
15.0 2.0 14 4.9 2.8 
15.0 2. 5 17 2 .• 8 6.0 
15.0 3.0 20 1.4 14.2 
15.0 3.5 19 1.7 11.1 
"' 
, \ 
, \ 
/ \ 
., \ 
\ 
\ 
\ 
\ 
\ 
\ 
~ 
\ 
Sttmufus Int. Cv.) 
Figure 19 • -----. noise constant1 el. voltage increased. 
-.-... noise decreased, el. voltage increased 
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TABLE IX 
RESPONSES, DURATION O:P SOUND, AND RATE UNDER TWO CONDITIONS 
OF CONCO:MITANT STIMULATION 
Cat #6 electrode #1 set A-noise reduced, electrode voltage increased 
Noise electrode SD's per Duration ~te 
Intensity (v) intensity (v) session of Sound (L ) (S /Lc) 
c 
15.0 • 5 20 2.3 8.7 
5.6 1.0 19 2.2 9.0 
4.2 1.5 2. 2.3 9.0 
2.1 2.0 17 1.6 10.6 
1.05 2.5 19 2.2 8.6 
• 425 3.0 20 2.0 10.0 
.o 3.5 1 12.i.3 o.o 
electrode #1 set A-noise constant, electrode voltage increased 
15.0 • 5 22 · 1.3 16.2 
15.0 1.0 21 1.1 19.9 
15.0 1.5 20 1.9 11.1 
15.0 2.0 19 2. 5 7.6 
15.0 2. 5 19 2.9 6.5 
15.0 3.0 21 2.9 7.2 
15.0 3. 5 15 3.7 4.1 
.......... , 
10 •. --4--------..:0 ..... - ........ __ ,,D 
...... , . 
~ 
4.0 
Stimulus Int. ( v.) 
• -----. noise constant, el. voltage increased. 
---"". noise decreased, el. voltage increased. 
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TABLE X 
RESPONSES, DURATION OF SOUND, AND RATE UNDER TWO CONDITIONS 
OF CON'OOWTANT STIMULATION 
Cat #6 electrode #2 set A-noise reduced, electrode voltage increased 
Noise electrode sD's per Duration of Rate 
Intensity (v) intensity (v) session Sound (Lc) (sD /Lc> 
15.0 .5 21 1.8 11.4 
5.6 1.0 22 1.7 12.7 
4.2 1.5 20 1.5 13.2 
2.1 2.0 19 1.9 10.2 
1.05 2.5 21 2.0 10.5 
• 425 3.0 20 1.3 15.0 
o.o. 3. 5 5 13.6 • 37 
electrode #2 set A-noise constant, electrode voltage increased 
15.0 • 5 22 1.7 12.9 
15.0 1.0 20 1.9 11.1 
15.0 1.5 19 1.6 12.6 
15.0 2.0 21 2.0 10.2 
15.0 2.5 21 2.3 9.2 
15.0 3.0 20 1.7 11.1 
15.0 3. 5 20 2.2 8.8 
Figure 21 
~----G> ., 
---------/\~------~. 
/ 
/ 
e...... ,A.... ,,Q 
, ...... _,., 
..... "'""'(j"' .... 
~tLmufus Int. (v.) 
-----. noise constant, el. voltage increased. 
• --. noise decreased, el. voltage increased. 
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TABLE XI 
RESPONSES, DURATION OF SOUND, AND RATE UNDER TWO CONDITIONS 
OF CONCOWTANT STIMULATION 
Cat =#=6 electrode-11=1 set B -noise reduced, electrode voltage increased 
Noise electrode sD's per Burationof &ate 
Intensity (v) intensity (v) session sound (Lc) (S /Lc) 
15.0 • 5 19 2.4 7.8 
5.6 1.0 18 1.2 8.0 
4.2 1.5 20 2. 5 8.0 
2.1 2.0 20 1.4 14.0 
1 •. 05 2. 5 20 1.7 12.0 
• 425 3.0 18 3.7 5.0 
o.o 3. 5 0 15.0 0.0 
electrode =#=1 set B -noise constant, electrode voltage increased 
15.0 .5 18 3.4 5.2 
15.0 1.0 19 4.5 4.2 
15.0 1.5 21 3.8 5. 5 
15.0 2.0 19 4.1 4.6 
15.0 2. 5 20 3.4 5.9 
15.0 3.0 23 2.6 8.8 
15.0 3.5 25 2.7 9.2 
20. Cat* 6. 
e/.*2 Set B. 
~ 
I 
I 
I 
I 
Aesr/min. JD~------,--/-/ _ ___, 
~---......... "'"':... .. ___ __, ~-----,~ ~~~~ 
·--~ 
I 
I 
I 
I 
Stimulus Int. (v.) 
Figure 22 • -----. noise constant, el. voltage increased. 
--. noise decreased, el. voltage increased. 
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TABLE X1I 
RESPONSES, DURATION TO SOUND, AND RATE UNDER TWO CONDITIONS 
OF CONCOI\.1ITANT STIMULATION 
Cat #6 electrode #2 set B-noise reduced, electrode voltage increased 
Noise electrode sD's per Duration of ~ate 
Intensity (v) intensity (v) session Sound (L.c) ( /Lc) 
15.0 • 5 26 1.9 14.1 
5. 6 1.0 2.4 1.6 15.0 
4.2 1.5 21 1.4 15.0 
2.1 2.0 20 1.5 13.3 
1.05 2. 5 22 2.0 11.0 
• 425 3.0 18 3.7 4.9 
.o 3.5 0 15.0 o.o 
electrode #2 set B -noise constant, electrode voltage increased 
15.0 • 5 20 4.6 4.3 
15.0 1.0 18 4.3 4.2 
15.0 1. 5 21 2.6 8.1 
15.0 2.0 21 2.4 8.6 
15.0 2.5 22 3.1 7.1 
15.0 3.0 22 2. 5 8.4 
15.0 3. 5 23 1.6 14.4 
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c. Stimulation: as positive reinforcement. 
Shown in figures 23, 24, 25 and 26 are the results obtained from Cats #1 
and #6 under conditions where stimulation was given as reinforcement for 
lever pressing behavior. No sound was utilized with this contingency. 
Tables #13 and #14 give the number of reinforcements over the intensity 
range that was used. 
TABLE XIIT 
STIMULATION, POSITNE REINFORCEMENT 
Cat #1 
electrode Number of reinforcements 
intensity (v) Set A Set B 
electrode #1 electrode #2 electrode #1 electrode #2 
.2 39 23 12 13 
.4 10 40 57 26 
•. 6 42 7 88 44 
.8 .14 38 37 48 
1.0 24 8 24 8 
1.2 8 20 3 12 
1.4 52 73 13 4 
1.6 37 3 3 0 
~esf. 
Ca1~ 1 
-Set A 
In.tensi7 (v.) 
Figure 23 Stimulation as positive reinforcement. 
c~r•1. 
Set B. 
e /. #1. 
Resp. 3 
. I 
21~ 
l •. D / .0 
Figure 24 Stimulation as Positive Reinforcement. 
e/.11 
Figure 25 Stimulation as Positive Reinforcement. 
Figure 26 
e /. #1 
C"-t*6. 
Set B. 
~=f­
'~ 
Stimulation as Positive Reinforcement 
, _ 0 
-.. 
electrode 
intensity (v) 
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TABLE XN 
STIMULATION, 
Cat #6 
POSITNE REINFORCEMENT 
Number of Reinforcements 
Set B Set A 
electrode #1 electrode #2 electrode #1 electrode #2 
. 2 0 11 1 11 
.4 2 4 0 6 
. 6 7 0 7 1 
. 8 8 0 1 2 
1.0 0 0 6 1 
1.2 0 0 5 2 
1.4 7 0 1 13 
1.6 4 0 4 1 
d. Stimulation: gross observation 
The following protocols of Cats #1 and #6 were obtained by observing the 
animal in the same experimental situation. However, no noise was used, 
and attention was directed towards the gross motor behavior of the animal 
within a wide range of intensities on each electrode. The parameters and 
intensity of stimulation are detailed in the previous chapter. 
Cat #1 
intensity 
. 5-l. 0 
1.5 
2.0-3.5 
4.0 
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TABLE XV 
STIMULATION PROTOCOL 
Electrode #1 set A 
observation 
no observable change 
quieter, some meowing 
animal is motionless on S with some tremor of head 
same, with movement appearing after cessation of S, 
some tremor of head 
4. 5 licking left forepaw, circling in a clockwise direction, 
if head is moving on S it is immediately placed on floor. 
5. 5 no movement, tremor of head. 
6. 0 same, some tremor of left side increasing in severity 
6. 5 same, tremor increased, animal rigidly propped against 
side of cage, breathing quick and shallow. 
7. 0 rigid on S, after its cessation some left circling 
7. 5 violent motor phenomenon, seizure 
Cat #1 
intensity 
. 5 
1.0 
1. 5-2.0 
2.5 
3.0 
3.5 
4.0 
4.5 
5.0-6.5 
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TABLE XVI 
STIMULATION PROTOCOL 
electrode #2 set A 
observation 
no change 
animal very quiet 
same 
same, animal appears completely motionless 
same, as Sis administered animal laid down, and stayed 
motionless 
same, with appearance of slight tremor left side 
tremor left side, after S vigorous licking of forepaw 
animal motionless, looks "as if" ready to sleep 
seems almost asleep, some vigorous licking behavior, eyes 
closed for as long as a minute 
7.0 same 
7. 5 violent tremor of head - near seizure 
Cat #1 
intensity 
. 5-l. 0 
1.5 
2.0 
2.5 
3.0 
3.5 
4.0 
4.5 
5.0 
5.5 
6.0 
6.5 
7.0 
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TABLE XVII 
STIMULATION PROTOCOL 
electrode #1 set B 
observation 
no change 
animal quiets down, lying in front of screen, some howling 
same, animal rubbing head against screen 
same, pupils dilated 
attacks ,electrical cord 
same, breathing quickened, tries to clH:nb out of experimental 
box, movement of tip of tail 
same 
animal standing for duration of Sand then moves, plaintive 
meowing 
meowing, slight tremor of head, licking, circling to right 
extensor rigidity of right forepaw, eyes half closed, head 
thrown back slightly on S 
motionless on S, rigid forepaw tremor 
same, increased tremor 
severe tremor, seizure 
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TABLE XVIII 
STIMULATION PROTOCOL 
Cat #1 electrode #2 set B 
intensity observation 
. 5 no change on S 
1. 0 tries to escape from box, meowing 
1. 5 quieted down, lying on floor, pupils dilated 
2. 0 same, increase in licking behavior 
2. 5 licking hind quarters on S 
3. 0 same as above with few seconds hesitation after each S 
3. 5 all movement stops, pupils dilated, breathing fast 
4. 0 animal quiet, some tremor, extension of right forepaw with 
claws exposed 
4. 5 tremor of whole right forelimb, partial closure of right 
eyelid 
5. 0 same 
5. 5 animal motionless on S, lays on right forelimb 
6. 0 gross tremor entire right side, right eye closed 
6. 5 seizure 
Cat #6 
intensity 
. 5 
1.0 
1.5 
2.0 
2.5 
3.0 
3.5 
4.0 
4.5 
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TABLE XIX 
STIMULATION PROTOCOL 
electrode #1 set A 
observation . 
no change 
motionless, alert 
same 
slow counter clockwise circling 
same 
startle on S, hind quarters raised with head to floor 
more intense than above, tremor on left side 
full tremor over entire body 
seizure 
Cat #6 
intensity 
0 5 
1.0 
1. 5-2.0 
2.5 
3.0 
3.5 
4.0 
4.5 
5.0 
5.5 
6.0 
6.5 
7.0 
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TABLE XX 
STIMULATION PROTOCOL 
electrode #2 set A 
observation 
no change 
motionless on S 
same as above 
thrown to left 
thrown on back, extension of left foreleg 
mntimu.Bss ,; s eems to be sleeping 
tremor, left side 
tremor, body arched, animal lying on back 
same, more severe 
body arched with hind quarters high, treading, left circling 
same, startle on S, short latency. 
same, more severe, startle is like readiness to flee 
tremor very severe, seizure 
Cat #6 
intensity 
. 5-l. 0 
1.5 
2.0 
2.5 
3.0 
3.5 
4.0 
4.5 
5.0 
5.5 
6.0 
6.5 
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TABLE XXI 
STIMULATION PROTOCOL 
electrode #1 set B 
observation 
no change 
very quiet in cage 
same 
vigorous walking around box 
same 
slow circling i ~clockwis.e 
same 
same, with extensor rigidity of right--htncll p-aw' 
circling is forced by S, rigidity of both fore and hind leg 
rigid extension of right limbs, on S animal thrown to floor 
tremor of entire right side, animal on back, still tries 
circling by elevating hind quarters 
seizure 
Cat #6 electrode #2 
intensity observation 
. 5 no change 
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TABLE XXJI 
STIMULATION PROTOCOL 
set B 
1. 0 transient jerking of head to rigid stance 
1. 5 licking and scratching of head 
2. 0 motionless on S, then circling clockwise 
2. 5 same 
3.0 same, in addition a right forepaw extension 
3. 5-4. 0 same 
4. 5 vigorous circling, right forepaw rigidly extended almost 
a hopping motion 
5. 0 circling very clumsy, right forepaw extended into air 
5. 5 full tremor right side, partial closure of right eye 
6. 0 tremor severe, seizure 
2. The non-trained animals. (Cats #11, 13, 17) 
a. Stimulation: as positive reinforcement 
Shown in figures 27 and 28 and table 23 are the results obtained from Cat #11 
with this behavior contingency. The results for Cats #13 C¥ld #17 are not 
shown because in both cases with all electrodes, no responses were obtained. 
Figure 27 
Ca f41< 11 
Set A. 
eL 1f2_. 
Stimulation as Positive Reinforcement 
• 
(X) 
(X) 
r 
0 
.2 :4 
Figu,re 28 
Cat*JJ. 
Set B. 
e L.,.1. e/*2... 
0 ~I 
0 
loll J.() 
JnTensij' ( v.) 
Stimulation as Positive Reinforcement 
CXl 
c.o 
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TABLE .XXIII 
STIMULATION, POSITIVE REINFORCEMENT 
Cat #11 
electrode number of Reinforcements 
intensity Set 'A Set B 
electrode #1 electrode #2 electrode #1 electrode #2 
. 2 0 0 0 8 
.4 1 0 0 0 
.6 4 0 0 2 
.8 3 4 0 0 
1.0 0 3 0 0 
1.2 0 0 0 19 
1.4 0 0 0 0 
1.6 0 0 0 0 
b. Stimulation -- gross observation 
The following protocols of Cats #11, #13 and #17 were obtained under 
conditions similar to Cats #1 and #6. 
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Cat #11 electrode #1 
TABLE XXN 
STIMULATION PROTOCOL 
set A 
intensity 
• 5 
1.0 
1.5 
2.0 
2.5 
3.0 
3.5 
4.0 
4.5 
5.0 
5. 5 
observation 
no change 
animal shaking head, lying down, meowing 
animal quiet, pupils dilated 
same, :Vigorous head shaking 
same, some movement right tnrepaw 
slight tremor of head and forepaw, meowing 
recoil to S, meowing stops on S and then continues 
rapid breathing, pupils dilated, recoil to S, trembling 
strong recoil to S, pupils dilated, extension of right 
forepaw 
rigid extension of right forepaw, body arched towards 
right, lying down 
rapid breathing, right forepaw extension, when sitting 
down as S is received animal stays in that position until 
cessation of S 
6. 0 strong recoil to S, right forepaw extension 
6. 5 urination, partial closure of right eye, animal motionless during S 
7. 0 right forepaw rigid, pacing after cessarion of S, tremor 
of head and forelimbs 
7. 5 seizure 
Cat #11 
intensity 
. 5-2. 5 
3.0 
3.5 
4.0 
4.5 
5.0 
5. 5 
6.0 
6.5 
7.0 
7.5 
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TABLE XXV 
STIMULATION PROTOCOL 
electrode #2 set A 
observation 
no change 
licking right paw is disrupted by S 
nose licking, some tremor of head, all movement stops on S 
recoil to S, tremor of head 
animal backed into corner on S, peculiar stance, forelegs 
stretched and hind quarters lowered 
partial closure of right eye, animal backed into corner, 
head thrown back, body arched 
same, right eye almost closed 
rigid extension of forepaw, tremor, animal in ball-shape 
motionless on S, furtive after S, ball shape 
urination, violent R, furtiveness as above 
seizure 
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Cat #11 
TABLE XXVI 
STIMULATION PROTOCOL 
electrode #1 set B 
intensity observation 
. 5-1. ·8 no change 
2. 0 ' expansion and contraction left forepaw 
2. 5 same, on S hind end up first 
3. 0 same, more intense 
3. 5 tremor of head, baring of claws of left forepaw 
4. 0 all movement ceases on S 
4. 5 same, unable to rise on S 
5. 0 startle on S, swallowing movements 
5. 5 startle, meowing, quick offensive movements 
6. 0 peculiar posi lion, legs apart 
6. 5 head twisted up and to right on S, strong response to S, 
tremor 
7. 0 animal backing away from head, movement stops on S 
7. 5 clamping of tongue to teeth on S, extension of forelegs, 
tremor, peculiar movement of nose, urination 
8. 0 near seizure, howling, respiration rapid, extension of forelegs, 
moves away from head 
Cat #11 
intensity 
. 5-2. 0 
2.5 
3.0 
3.5 
4.0 
4.5 
5.0 
5. 5 
electrode #2 
observation 
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TABLE XXVII 
STIMULATION PROTOCOL 
set B 
no gross change 
animal continually moving 
S briefly interrupts movement 
same, meowing and whining 
head turning towards right 
extension of forepaw, claws bared 
vigorous howling after S, paw extended furtive movement, 
head thrust forward, back up 
respiration fast, pupils dilated, head movement to right 
in circle 
6.0 strong tremor, urination, backing away from head, furtive 
after S 
6. 5 same, more intense tremor, peculiar movement of nose 
and vibrissae 
7. 0 mastication and swallowing movements, tongue thrust out, 
extension of both forelimbs 
7. 5 strong trermrs, seizure level, animal unable to get up, 
strong movement of nose, full pupil dilation 
Cat #13 
intensity 
. 5 
1.5 
2.0 
2.5 
electrode #1 
observation 
no change 
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TABLE XXVIJI 
STIMULATION PROTOCOL 
set A 
circling in clockwise direction, meowing nose licking 
same 
circling, sometimes head only turns with chin resting on 
neck, slight tremor over body 
3. 0 circling more vigorous, like a...nimal chasing tail, starts 
immediately on S 
3. 5 circling, meowing, sudden stops 
4. 0 same, with hind quarters very low 
4. 5 same 
5. 0 vigorous circling, rolls into ball 
5. 5 urination, seizure 4 to 5 min., hissing when approached, 
claws bared. 
Cat #13 
intensity 
• 5 
1.0 
1.5 
2.0 
2.5 
3.0 
3.5 
4.0-4.5 
electrode #2 
observation 
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TABLE :XX[X 
STIMULATION PROTOCOL 
set A 
peculiar gulping behavior involving chest, neck, and head 
less movement, panting, some snarling 
same 
tremor involving ears, head movement as if looking over 
shoulder 
clockwise circling very gradual snarling, pupils dilated 
circling prominent on each S, painting after S, nose licking 
same, also head bent further towards back, chest almost on 
ground 
circling so .vigorous animal rolls into ball, clockwise 
direction, right forepaw under body and left forepaw doing 
the work 
5. 0 same as above, after S furtive darting about 
5. 5 violent motor response-seizure level 
Gat #13 
intensity 
. 5-l. 5 
2.0 
2.5 
3.0 
3.5 
4.0 
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TABLE XXX 
STIMULATION PROTOCOL 
electrode #1 set B 
observation 
no gross change 
some partial turning to left, meowing, head turned left 
full turning to left, left front paw rigid, it is lifted and 
dropped 
same, more intense 
body molds into ball, left front paw clawing air, rolls on 
back 
panting, violent motor response, paws clawing air, pupils 
dilated, seizure 
Cat #13 
· intensity 
. 5-l. 5 
2.G 
2.5 
3.0 
electrode #2 
observation 
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TABLE XXXI 
STIMULATION PROTOCOL 
set B 
no gross change 
movement towards right of body, presses against side of box, 
left forepaw contracted 
full contraction left forepaw into body 
violent motor seizure, animal rolls on floor contracting 
left forepaw with right extended 
3. 5 very violent twisting and turning, seizure 
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TABLE XXXII 
STIMULATION PROTOCOL 
Cat #17 electrode #1 set A 
Intensity Observation 
• 5-l. 0 slight tremor of head, animal cDouches on S, some nose move-
ment . 
2. 0 same 
2. 5 crouching, nose licking, dilation of pupils, audible purring 
after S 
3. 0 growling, followed by hissing on each S, after hissing more 
growling less intense 
3. 5 growling, crouching, nose licking, more involvement of head 
and shoulders, urination 
4. 0 more fully blown rage, recovery quick-attacks objects 
4. 5 same, some piloerection, no attackh;J:g during S 
5. 0 more movement, growling, nose licking, alternating with low 
intensity cry 
5. 5 similar to above, less movement 
6. 0 same, but less intense, some movement into corner 
6. 5 same 
7. 0 cessation,. seizure involving entire body, animal in ball shape 
Cat #17 electrode #2 
intensity Observation 
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TABLE XXXIJI 
STIMULATION PROTOCOL. 
setA 
• 5-l. 5 no observable change 
2. 0 cessation of much movement, grooming, shaking of head 
2. 5 shaking and scratching of head, purring, some circling 
3. 0 slight tremor of head on S, pupils dilated, no other 
movement 
3. 5 all movement arrested on S, after-S it is resumed 
4. 0 animal in ball shape, respiration quickened, no movement 
after S 
4. 5 tremor of head, low intensity, high pitch howling 
5.0 same 
5. 5 increased tremor, no movement on S 
6. 0 nose licking, s-alivation, rolling into ball 
6. 5 growling, chop licking, scratching head 
7. 0 near seizure, violent:spasms 
7. 5 seizure 
101 
TABLE XXXIV 
STIMULATION PROTOCOL 
Cat #17 electrode #1 set B 
intensity observation 
• 5-2. 0 no gross change 
2. 5 animal seems to be quieting down, respiration quickened 
3.0 movement arrested at each S., licking behavior, meowing 
3. 5 motionless at each S, licking, howling after S, circling 
counter clockwise 
4. 0 same, saliva in large amounts issued 
4. 5 same 
5. 0 same, more vocalization 
5. 5 howling high to low pitch on S, almost growl, dilation, fast 
respiration 
6. 0 hopping circling motion in counter clockwise direction, growling 
6. 5 growling, rotation as above, peculiar motitin~:of hind quarters, 
saliva 
~ . 0 circling by rotation of hind quarters, urination, defecation, 
growling, hissing 
7. 5 same 
8. 0 same, more intense, ball--shape as intensity of Sis appreciated 
8. 5 seizure 
Cat #17 electrode #2 
102 
TABLE XXXV 
STIMUAATION PROTOCOL 
set B 
intensity observation 
• 5-l. 5 no gross change 
2. 0 no large change, seems to be some hesitation of movement 
and then more movement after S ceases 
2. 5 
3.0 
3.5-4.0 
4.5 
5.0 
5. 5 
6.0 
6.5 
7.0 
7.5 
8.0 
cessation of all movement, urination, cilation, twitching of 
lower portion of face 
same, more pronmmced 
same 
same, with some growling 
statesque behavior, licking, vigorous shaking of head 
same 
animal coiled almost in ball, motionless on S 
same, body tremor, near seizure 
loud growling, circling very intense 
growling, spitting 
growling, hissing, spitting, seizure 
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C. Histology 
The histological results are shown in figures 29 and 30. 
These are microphotographs of representative section from each hemis-
phere in each cat (magnification 2X). Shown in Table 36 are the tabUlated 
results of the placements of each elec±rode. 
Figur e 29 Histology 
Cat #1 
Cat #6 
left hemisphe;ee 
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(coronal) 
right hemisphere 
( transu-erse) 
right hemisphere 
Figure 30 
left hemisphere 
left hemisphere 
Histology 
Cat #11 
(sagittal sections) 
Cat #13 
(sagittal sections) 
Cat #17 
(sagittal sections) 
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right hemisphere 
right hemisphere 
right hemisphere 
• 
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TABLE XXXVI 
PLACEMENT OF ELECTRODES 
Cat# ' Type of Electrode Electrode 
Section Set No. Location 
1 coronal A 1 Caudate ( Cd} -rostral medial 
portion of head 
~ , 
1 coronal A 2 Cd-just posterior and lateral 
to electrode #1 
1 coronal B 1 Cd-rostral mediql portion of 
head 
1 coronal B 2 Cd-directly posterior to elect;rode 
#1-level of fimbria 
6 transverse A 18 Cd-anterior, dorsal portion of 
head 
6 transverse A 2 Fornix (Fx}-rostrallateral por-
lion of fimbria 
6. transverse B 1 Cd-anterior dorsal portion of 
head 
6 transverse B 2 Fx-rostrallateral port:bn of 
fimbria 
11 sagittal A 1 Cd:.;...medial posterior portion of 
head 
11 sagittal A 2 Fx-medial portion of crus 
11 sagittal B 1 Gd, medial posterior portion of 
head 
11 sagittal B 2 Fx-medial portion of crus 
13 sagittal A 1 Fx-dorsal portion of pillar 
13 sagittal A 2 Thalamus (Th}-Anterior nucleus 
13 sagittal B 1 Th-anterior nucleus 
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Cat =II= Type of Electrode Electrode 
Section set Number Location 
13 sagittal B 2 Th-lateral dorsal nucleus 
17 sagittal A 1 Cd-medial caudal portion 
of head 
17 sagittal A 2 FX-ventral section of crus 
17 sagittal B 1 Cd-medial caudal portion 
. of head 
17 sagittal B 2 Fx-ventral section of crus 
CHAPTERN 
DISCUSSION OF RESULTS 
A. The Pre-Operative Noise Behavior 
The main goal of this experiment was to determine the effect of 
stimulation on .the fornix and caudate. However, in order to objectively 
appraise the effects of stimulation, it was necessary to provide some 
criteria of behavior as a base for this evaluation • 
.After some scrutiny, the operant conditioning technique of Skinner 1 
was chosen. The noxious stimulus was noise of various intensities. 
Underlying thi\S criteria of behavior was the fact that termination of 
certain stimuli can be used to maintain a response (escape behavior). 
In view of this, and also in view of the large number of studies of avoidance, 
it was surprising that there had been only a few investigations of the 
1Skinner, B. F. The Behavior of Organisms. Appleton-Century-
Crofts, Inc. New York, New York, 1938. 
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significant variables of escape behavior. 1' 2, 3' 4, 5, 6' 7' 8 
Since the intensity of the stimulus appeared to be one of the most signi-
ficant variables of escape behavior, g the first task of this experiment was 
the investigation of the relation between the rate of escape responding to the i. 
intensity of tllie terminated stimulus (the escape function). The range of 
stimulus intensities used was selected to include values at_ which escape res-
ponding ceased (the escape threhold). After the surgical implan:lihg of 
1campbell, B.A. The fractional reduction in noxious stimulation required 
to produce "just noticeable" learning. I· Camp. Physiol. Psychol., 1955, 
48, 141-148. 
2campbell, B.A., and Kraeling, D. Response strength as a function 
of driv~ level and amount of drive reduction. I· ~· Psychol., 1953, 45, 
97-101. 
3Dinsmoor, J. A., and Hughes, L.A. Training rats to press a bar to 
turn off shock. _I. Camp. Physiol. Psychol., 1956, 49, 235-238. 
4a:arrison, J. M., and Tracy, W.H. The use of auditory stimuli to 
maintain lever pressing behavior. Science, 1955, 121, 373-374. 
5Kaplan, M. The effect of noxious stimulus intensity and duration 
during intermittent reinforcement of escape behavior. I· Camp. Physiol., 
Psychol., 1952, 54, 538-549. 
6 
Kaplan, M. Ibid. 
7 Keller, F. S. Light-aversion in the white rat. Psychol. Rec., 1941, 
4, 235-250. 
8
zeaman, D., and House, B. Response latency at zero drive after 
varying numbers of reinforcements. I· ~· Psychol., 1950, 40, 570-583. 
9Barry, J. J, and Harrison, J. M. Relation between stimulus intensity 
and strength of escape responding. Psychol. Reports, 1957, 3, 3-8. 
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electrodes, and the recovery of the pre-operative behavior, the final phase 
of the experiment was undertaken. This consisted of determining the effects 
of stimulation, under three contingent and one non-contingent behaviors, 
using the post-operative noise rate as a base. 
1. The pre-operative noise 
The rate of sD responding to the noxious noise stimulus under crf conditions 
(figure 10) was shown to increase as the intensity was increased. Abov'.e the 
• 425v level the function approaches a straight line. However, for the VI 
schedule (figure 11) a clear maximum response rate was reached at a stimulus 
intensity of 5. 6v. Rate significantly decreased with further increases in 
stimulus intensity. 1 The VI function is similar to that obtained by Kaplan 2 
using an F1 schedule of escape from light. He attributed the falling off of 
response rate at higher stimulus intensities to the possible depression of 
response strength by strong stimuli. The failure to obtain a depression of 
1The difference between rates at 5. 6v and 15. v was significant by t ..te:.S t,. 
for VI cat #6 at • 001 level. An F test of the corresponding variances showed 
no significant differences. The difference between the rates at the same inten-
sities for VI cat #2 was significant at slightly below the . 05 level. This ani:mal 
contracted feline distemper, the after effects of which disturbed the data at the 5. 6v 
point., There were no significant decreases in rate in the crf animals. 
2 Kaplan, M. Ibid. 
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response rate by strong stimuli under crf conditions suggested that Kaplan's 
interpretation needed revision. 
However, Kaplan~ in a later paper maintained the position that under crf 
conditions where the duration of the stimulus is considerably less (than VI) 
it would be expected that the maximum response strength would shift to 
higher intensities and the functions displaced upward. Thus "this schedule" 
(crf) "might be considered the limiting case for short durations. n2 However, 
there is some agreement between the crf data presented here and the data 
published by Gampbell3 in that neither shows a response maXimum at an 
intermediate intensity with an inversion of the function at higher intensities. 
In order to definitely establish the final answer to Kaplan's criticism, it 
will be necessary to extend the escape function above the 15v level, which is 
the limit of the present apparatus. 
Individual cumulative records (figure 12) show that under crf conditions, 
the longer mean latencies that accompany the lower intensities of the stimulus 
reflect an increase in the number of extreme latencies rather than an increase 
1Kaplan, M. Intensity-escape functions under interval schedules of rein-
forcement. Psychol. Reports, 1957', 3, 251-259. 
2 
Kaplan, J. Ibid. 
3 Campbell, B. A. Ibid. 
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in the length of the typical latency. Two cumulative records, one at a high 
and the other at a low stimulus intensity are shown in figure 12. At the low 
intensity the animal responds in "bursts" separated by relatively long pauses. 
The latencies of responses during a burst appear to be approximately the same 
as the response latencies of the high intensity record. Paus.es vanish and 
responding becomes continuous between stimulus intensities of .05v and .1v 
for this animal (Cat #4). Cumulative response latencies below this value are 
fixed primarily by the number and duration of the pauses. Pause and burst 
behavior is also found at zero stimulus intensity. This suggests that the 
effect is not due to changes in the stimulus (above and below escape threshold) 
produced by adventitious movements of the animal's head. 
Another type of "burst" phenomena (see figure 13) regularly occurred 
shortly after the animal was placed in the box. It consisted of continuous 
lever pressing behavior during the S6 period. The S 6 responding continued 
for several minutes at one time and then regular sD responding would again 
be initiated. The SLI responding, although at a very low level during the training 
period, was never fully run to extinction. The 'burst' behavior during the 
warm-up period might therefore represent 1recovery' of SAresponding which 
was again run out almost to extinction. Notice that in figure 13 several rein-
forcements were actually received for s~responding. In addition, the animal 
sometimes during the data gathering sessions gave an S4 response immediately 
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after an sD to the noise stimulus. It is not too unlikely that one or both of 
these factors contributed to the maintenance of Sllresponding above the 
extinction level. Nevertheless, since sD responding was the main interest 
in this experiment the problem of St. responding was not more fully explored. 
It is interesting to note that the threshold for sD responding on a crf 
schedule was lower than the VI. If Kaplan's "depressant notion" 1 is accepted 
here, then one could infer that the noxiousness of the noise at very low levels 
is not sufficient to maintain continuous responding on a VI schedule. But it 
would be difficult to explain the 'burst' phenomena at low int~nsities on crf 
within such a framework. 
The long process of training cats on escape from a noxious noise stimulus 
has raised some questions. There is little doubt that incompatible responses 
to stimuli other than the noise are not run to extinction quick enough. This is 
the problem of the identification of other, not so obvious variables that 
influence SD responding maintained by termination of the noise stimulus. 
At this time, there is no literature that is concerned with such an investigation. 
B. The Surgical Procedure: 
The surgical procedure in and of itself was not unusual, but there are 
several comments that should be made at this time. 
The modified sterotaxic that was used {see figure 1) for this experiment 
was a large improvement over the previous models. However, this model 
1 Kaplan, M. Ibid. 
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does require some type of carpenter's level attached to the U -shaped frame. 
This would enable one to determine more accurately the anterior-posterior 
plane. The U-shaped frame often sloped downward, especially when the 
electrode carrier was moved. This sloping was largely eliminated by attach-
ing extension bars to the frame, However, sloping still occurred when the electrode 
carrier was moved due to the lack of a middle support for the extension. It 
was finally eliminated by a compensatory rise in the end supports guided by 
a level attached to each end of the U -shaped frame. 
A Czermak head holder was used instead of ear bars, and it was found 
that any work on the skull would likely move the head out of the pre-fixed 
position. This source of error was partially corrected by the construction 
of a support stand for the head holder and by continually rechecking the 
position of the skull by the leveling procedure. This latter move entailed 
additional loss of time which endangered the sir:c:ce£3&'of the implant. The 
head holder should be provided with stronger and mi:lltiple supports in a new 
design. 
Finally, the size of the electrodes were such that much difficulty was 
experienced in passing the assembly through the cerebrum without a great 
deal of trauma. It is suggested that electrode assemblies be not more than 
lmm. in thickness. Reduction in size would be facilitateD. by the use of a thin 
coating of insulating material such as Teflon (tetrafluorocthylene resin)*. 
*Teflon: an insulating material obtained from E. I. DuPont De Nemours 
and Co., Wilmington, Delaware. 
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The remaining portion of the assembly, as described in the earlier chapter, 
worked very well. The assembly remaine.d intact without breaking for many 
months. 
C. The Post-Operative Behavior 
1. Post-operative noise 
The functions obtained post operatively from Cats #1 and #6 are seen in 
figure 14. The rate for Cat #6 varies between 8 and 10 responses p~r min. 
with the intensit7 range from • 425v to 15v. The rate for Cat #1 varies between 
3 and 5 responses per min. over a similar range. 
The difference between the two functions is obvious and may be due to 
several reasons. ('Th@ provima£ 'n tFaining for Gat #6 may be duo to ~€weral 
reasons~ The previous VI training for Cat #6 may contribute to the higher 
rate, although just before the surgery, this animal reproduced a rate on crf 
very similar to Cat #1. Secondly, Cat #1 had a slower post-operative recovery 
period than Cat #6, however post mortem examination of the brain revealed 
no gross pathology. 
The variation Wi thin each function could probably have been eliminated if 
the animals were run with parameters similar to the pre-operative training. 
This would entail a long post-operative investigation on the changes in the 
functions, etc., and would completely sidetrack the goal of the experiment. 
The post-operative data that was reported was definitive enough to use as a base 
to evaluate the effects of stimulation. 
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The res~onding to the noxious noise stimulus occurred earlier in the 
post-operative period than the post-operative responding reported by 
Tracy1 with rats. However, Tracy and Harrison 2 have reported eventual 
full recovery of rate of responding to noise in animals with septal-fornix 
lesions. 
2. Stimulation and noise 
In figures 15 to 22 are the functions showing the rate of responding to noise 
under two behavior contingencies. The horizontal bar indicates the range 
of the post-operative noise rate. Any point lying within this bar indicates 
an indifferent effect of stimulation, i.e. the stimulation was no more or no 
less noxious than the noise stimulus. 
The conditions under which the initial point in each function was obtained 
are identical. Therefore, any variation between them has been used as an 
index of the instability of each point in each function. 
1Tracy, W.H. Changes in noise-maintained behavior following lesions 
in the septal region of the rat; Phti;f l::Jissertation, B. U. Psychology Laboratory, 
1956. 
2 Tracy, W. H. , and Harrison, J. M. Ibid. 
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Cat #1 Set A 
The first electrode in this set was located in the rostral medial portion 
of the head of the caudate, (figure 29) 
In the contingency where the noxious noise stimulus was constant at 
15v, and the electrode voltage was gradually increased, there is one 
prominent increase in rate of responding. (see figure 15) The remaining 
six points with a minor exception are at or near the post-operative noise 
rate. In the second contingency, where the noise is reduced to 0, and the elec-
trode voltage wa.s again gradually increased, the entire function was within 
the post-operative rate range. The final point in this function dropped to a 
rate just above zero. This implies two things: (1) that the noxiousness of the 
nose maintains the rate of responding, (2) the stimulation was not noxious 
enough to maintain the rate much above zero. 
A similar result was seen with electrode #2, also located in the .head 
of the caudate, just posterior and lateral to electrode #1. Only two pomts 
show an increase in the rate of responding, in the contingency where the 
noise is constant and the electrode voltage is increased. (see figure 16) 
However, in the second contingency, where the noise is gradually reduced 
to zero, the stimulation was noxious enough to keep the rate within the 
post-operative noise rate range. 
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Therefore, it appears that with Set A, whose electrodes are both 
located in the head of the caudate, stimulation on both contingencies was 
in the d~rection of being less noxious than the noise. 
When the contingent behavior was changed such that stimulation was 
given as reinforcement (Olds' Effect) each electrode in the set produced 
almost an equal number of responses. These responses would categorize 
the Effect as weak since stimulation produced just over 200 responses in 
a 4-hour period, ranging from 10. to 50 on electrode #1 and from 10 to 75 
on electrode #2. (figure 23) 
Electrode #1 of this set was located in. the rostral medial portion of 
the head of the caudate. The rate of responding on both contingencies was 
at or below the post-operative rate range (see figure 17). This implies 
that stimulation was exerting little, if any, affect towards being less noxious 
tha.n the noise. 
On the Olds' contingency ,the strongest response was demonstrated on 
electrode #1 (see figure 24). However, the results on both electrodes 
would still be categorized as weak from Olds' point of view. 
With electrode #2 located just caudal to electrode #1, at the level of 
the fimbria, the rate was similar to electrode #1 on both contingencies. 
(see figure 18). There are two points whose rates were high above the 
post-operative range. 'This would imply that stimulation of 3. Ov and 3. 5v 
was more noxious than noise, if it was not for the fact that on the second 
contingency (noise reduced, electrode voltage increased) stimulation of 
119 
itself was not able to maintain a rate much above zero, when the intensity 
was 3. 5v and no noise was present. At the 3. Ov level the stimulation with 
noise did not raise the rate, but lowered it. 
The general impression from this data was that stimulation on both 
electrodes of Set B was equal to or somewhat less noxious than the original 
imput stimulus. 
Gat #6 SetA 
In figures 19 and 20 are the functions obtained on two contingencies of 
stimulation and noise. 
With electrode #1located in the anterior dorsal portion of the head of 
the caudate, the rate of responding significantly increased at the 1. v intensity 
level. The remaining majority of points gave rates that are very close to the 
post-operative noise rate range. When the electrode stimulation was maximum 
(3. 5v) the rate of responding continued to drop. On the second contingency 
(noise reduced, electrode voltage increased) the rates for all points were 
within the noise range. When the noise was reduced to 0 and the electrode 
voltage was at maximum (3. 5v), the rate dropped to zero. Thus, it is obvious 
that the stimulation was making very little difference in the rate of responding. 
With electrode #2 located in the rostral lateral portion of the fimbria, the 
situation seems to be somewhat similar. However, the rates for each intensity 
level on both contingencies were at the upper end of the post-operative noise range. 
Considering variation, stimulation of the fimbria seemed to be a bit more noxim;ts 
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to the animal than stimulation of the caudate. But the rate does not change 
enough to consider it above the post-operative noise range. In addition, 
the stimulation rate dropped almost to zero when noise was eliminated as 
a rate maintainer. 
The effects of stimulation as a positive reinforcer on both electrodes 
was almost non-existent (see figure 26). 
Therefore, it appears that stimulation of the caudate and fimbria was 
not noxious to the animal in any of the three contingencies used. 
Cat #6 Set B 
On electrode #1, located in the anterior dorsal portion of the head of 
the caudate, stimulation increased the rate of responding at only two inter-
mediate intensity levels. (see figures 21 and 22). When the intensity was 
increased to maximum and the noise kept constant, rate of responding dropped 
to zero. With the noise reduced, and electrode stimulation increased to 
maximum, the rate did not rise out of the post-operative noise range. 
The final electrode in this set was located in the rostral lateral portion 
of the fimbria. With i:the col'lditions such that noise was constant and the 
electrode intensity was increased, there was a gradual drop to zero after 
an initial rise in rate above the post-operative noise level. When the con-
tingency was changed so the noise was reduced, there was a gradual rise in 
rate from below the post-operative noise level to a point above (see figure 22). 
The majority of rates are within the post-operative range. 
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When stimulation is used as positive reinforcement with this set of 
electrodes, the result is almost a negligible number of responses (Figure 26). 
The same result was obtained on Cat #11, whose electrodes were also located 
in the caudate and fornix (see Figures 27 and 28). Similarly, Cats #13 and 
#17 showed no responses with this contingency on any electrode. The place-
ment of these electrodes are indicated in Table XXXVI. 
Therefore, it appears that stimulation of this portion of the caudate and 
fimbria was not noxious to the animal, nor was it a positive reinforcer. 
In summing up the data just considered, it appears that stimulation of 
the caudate and fimbria was not any more noxious to the animal than the imput 
noise stimulus. This data suggests that Delgado, et al., 1 were in error when 
they suggested that stimulation of l;he fornix was noxious. In addition, current 
spread to the caudate in the Delgado experiment could not be responsible for 
the 'escape' behavior he reported, since the data here shows that, if anything, 
stimulation of the caudate acts as a positive reinforcer. The data was in 
agreement with Olds' as far as that behavior contingency was concerned, and 
also in agreement with the amount of reinforcement reported for the caudate. 
However, stimulation of the fimbria gave less reinforcements than he (Ol~s) 
has reported. 
Therefore, from direct stimulation of the caudate and fornix , it appears 
1Delgado, etal. Ibid. 
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that little or no alteration results on an objectively defined behavior.· criterion. 
This conclusion is in agreement with a large body of lesion and acute stimula-
tion experiments discussed in Chapter I. 
4. Stimulation-Behavior Observation 
cat #1 
The most prominent result from stimulation of the head of the caudate 
was the prompt cessation of all movement (see Figure 7). This observation 
was made on all electrodes (see stimulation protocols, tables XV to XVIIT). 
To some extent circling was evident either before the stimulation intensity 
was increased, or immediately after its cessation. The threshold for the 
observable motor effects was between 2. 5 and 3. Ov. The seizure level 
was between 6. 5 and 7. 5v. 
This data is in agreement with the observations reported by other inves-
tigators (see section on caudate -- Chapter I). 
1 
However, Heath's data does not agree with the stimulation protocols 
and objective behavior data of this experiment. Since similar behavior 
(reported by both experiments) cannot result from different manipulations 
of the same anatomic structure. 
1 Heath, R. G. Ibid. 
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Heath's data agreed in part with McCulloch, 1 but Kaada2 has demonstra-
ted that this data was an artifact. The fact of "suppression" of behavior 
receives further indirect support from the work of Yakovlev, 3 and McTardy 4 
and Rose and Woolsey. 5 Recently Olds6 has pointed out the contradiction 
in Heath's data, and Olds 1 data has been verified by the data of this experi-
ment. 
---------------------------------------------------------------------
1McCulloch, w. S. Cortico-cortical connections. Pp. 211-242 in 
Bucy, P. C. el. The ~-central motor cortex. Urban, Univ. of illinois 
Press. 1944 a. 
2Kaada1 B. M. Ibid. P. 1. 
3Yakolev, P. J. Motility, behavior and the brain. J. Nerv. Ment. 
Dis., 1948, 107: 313-335. 
4McTardy, T. Projection of the centromedian nucleus of the human 
thalamus. Brain, 1948, 71: 290-303. 
5 Rose, J.E., and Woolsey, C.N. Ibid. P.3. 
6 
Olds, J. Physiological Mechanisms of Reward. P. 106-108. in 
Nebraska Symposium on Motivation, 195.5. Ed. M.R. Jones, Univ. of 
Nebraska Press, Lincoln~ Nebraska. 
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Cat #6 
The cessation of movement that was observed with Cat #1 was also 
present in Cat #6. The threshold for the motor effect was between 1. Ov 
and 3. 5v. The seizure level was between 6. Ov and 7. Ov. 
Circling behavior was also in evidence. This behavior is similar to 
that obtained by Hess1 and called "stratokinetic regulatory movement." 
However, he obtained this behavior from stimulation of structure more 
ventral in the diencephalon. 
The low seizure threshold of electrode #1located in the fimbria is 
in general agreement with the data presented by Gibbs and Gibbs, 2 who 
also considered this structure as hai.dng low threshold to convulsion. 
Several instances of the escape-behavior mentioned by Delgado3 
occurred (see table XVII) but generally this behavior was unusual. 
Further, the animals never exhibited any unusual behavior when taken 
to or near the box in which they had formerly been stimulated. In most 
instances, the animals were relatively quiet while being connected to the 
apparatus. 
1Hess, W.R. Diencephalon: Autonomic and Extrapyramidal Functions. 
p. 16-32. Grune & Stratton, N.Y., 1954. 
2Gibbs, F .A. and Gibbs, E. L. The ·G:lonvulstion Threshold of Various 
Parts of the Cat's Brain. Arch. Neural. and Psychiat., 35, 1936, p.109-116. 
3Delgado, J. M.R. Ibid. P. 6. 
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The low threshold for the motor effects. might have contributed to 
the drop in response rate in both of these animals. 
Cat #11 
The electrodes in this animal were located in the posterior portion 
of the caudate and fornix in both hemispheres. The threshold for the motor 
effects was 3. 5v for the caudate and 4. Ov for the fornix. The seizure level 
for all electrodes was· between 7. 5v and 8. Ov. 
The cessation of movement .and circling was seen in both caudate elec-
trades. The peculiar motion of the body obtained from stimulation of the 
fornix was similar to the ttipsiversive deviation in the horizontal plane" 
mentioned by Hess1 as being obtained from ::s::Jiimula.tion of areas at or near 
the bundle of Vicq D'Azur, dorsal to the mamillary bodies. However, in 
this experiment, the results from stimulation of the fornis or fimbria may 
be due to current spread of the high intensities~ This factor was not con-
trolled in this experiment. 
The furtiveness also obtained from the fornix electrodes seems to be 
similar to the 'rebound' phenomena obtained by Olds. 2 
1 Hess, W.R. Ibid. P. 100 
2 Olds, J. Ibid. P. 6 
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Cat #13 
The electrodes in this animal were located in a more posterior posi-
tion than those of any other animal. The first electrode assembly (set A) 
was located in the fornix and anterior nucleus of the thalamus, whereas the 
second set was located in the anterior and lateral dorsal nucleus of the 
thalamus. 
The threshold for the appearance of motor phenomena was between 
1. Ov and 2. Ov. This was somewhat lower thanany other electrode set in 
this experiment. 
The threshold for seizure was also significantly lower for the electrodes 
in this a..n.imal with a range from 3. 5v to 5. 5v. The lowest threshold was 
obtained from stimulation of the lateral dorsal nucleus of the thalamus. 
This result was unexpected since other investigators1 have stated that the 
threshold for seizure is lowest when the fornix, amygdaloid and alveus are 
stimulated. This result was obtained from stimulation of the fornix and 
fimbria in other animals. The low threshold to seizure of the lateral dorsal 
nucleus is difficult to explain, nevertheless, it does serve to illustrate 
effects of stimulation to other structures besides the fornix and caudate. 
1Gibbs and Gibbs. Ibid. P. 101 
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The results of stimulation of the fornix was similar to previous 
stimulation of this structure in. other animals. Stimulation of the anteria:r 
nucleus, as expected, gave data similar to that obtained from the fornix. 
Gat #17 
The electrodes in this animal were located in the fornix and caudate of 
both hemispheres. The threshold for motor effects was between 2. Ov and 
3. Ov. The seizure level was between 7. Ov and 8. Ov. The majority of the 
motor behaviors exhibited on stimulation of these electrodes has already 
been discussed. 
However, with this animal, and some of the others, hissing, howling, 
etc. was a common feature of the evoked behavior. Similar behavior has 
been reported by other investigators1 as being obtained from some parts of 
the corpus striatum, but not the septal region and ventral portions of the 
striatum. 
In brief, stimulation of the caudate resulted in complete cessation of 
movement. Stimulation of the fornix and fimbria resulted in circling and 
'rebound' phenomena as well as autonomic phenomena such as hissing, 
growling, urination, etc. Such phenomena may be due to cur(l'ent spread. 
Stimulation of the anterior nucleus was essentially the same as the fornix, 
but stimulation of the lateral dorsal nucleus resulted in strong withdrawal 
of the forelimb into the body and was characterized by a very low seizure 
1 Magoun, H. W. Atlas, D., Ingersoll, E. H., and Ronson, S. W. 
Associated Facial, Vocal and Respiratory Components of Emotional Expression: 
An Experimental Study. I_. Neural. and Psychopath., London, vol. 17, 1936-37, 
pp. 241-255. . 
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threshold. 
D. Histology 
Representative sections from each animal are presented in figures 
29 and 30. The placements of each electrode in each cat are contained 
in table XXXVI. Ten electrodes were located in the caudate, and seven 
in the fimbria or fornix. 
It can be seen from the sections that the assembly made a large path 
to the target area. The large amount of scar tissue resulting from such 
passage sometimes made the determination of the exact position of each 
electrode quite difficult. Also, it was partially due to this problem that 
further cellular and fibrillar degeneration studies were not carried out as 
originally plarmed. In addi lion, the problem of control for current spread 
especially with the fornix electrodes lying near the ventricle, was impossible 
to solve without changing the entire surgical approach. Nevertheless, the 
observation data on the fornix has some control in the electrode lying in the 
lateral dorsal nucleus. The difference in the evoked behavior between each 
was quite obvious. 
.CHAPTER V 
SUMMARY AND CONCLUSION 
A. Goal of the Experiment 
The goal of this experiment was to determine the effects of electrical 
stimulation on the fornix and caudate. 
Some investigators have claimed that stimulation of the fornix was 
noxious to the animal, whereas others have claimed that it was "mildly 
re;yarding. u Still others have presented data that has implicated the caudate. 
Thus, in order to clarify the contradictions, the following experiment 
was designed. First1 it was necessary to objectively define a noxious 
stimulus, and for this purpose grey noise was used. Intensity was the 
main variable, and the animals were i:l:rained to terminate .the noise by 
pressing a lever. In this way, a rate-intensity function was prescribed. 
When this pre-operative behavior was completed, each animal under-
went chronic implantation of four electrodes, in the caudate and fornix of 
each hemisphere. 
The animals soon recovered from the surgery, and were then tested 
for the return of the pre <::'operative behavior. Since this function contained 
a range of intensities whose rate approximated a straight line, only this 
range was tested post-operatively. The results therein obtained were later 
used as a base to appraise the effect of stimulation. 
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This evaluation was determined in the following man..TJ.er: 
1. with the noxious noise stimulus constant, the electrode voltage 
was gradually increased. 
2. with the noxious noise stimulus gradually decreased, the electrode 
voltage was again .gradually increased. 
The changes in rate of termination in each of the above contingencies was 
then evaluated using the post-operative noise as a base. 
With the possibility that stimulation of the caudate and fornix may be 
less noxious than the noise a third contingent behavior was added to the 
test procedures. As follows; 
3.. with the noise at zero, the animals received stimulation after 
pressing the bar, that is, stimulation was used as positive 
reinforcement. 
Finally, since there was a question of the gross motor effects of stimula-
tion on the fornix and caudate, it was observed, and noted in protocol form. 
After the above procedures were completed, each animal was sacrificed, 
and the brain stained and mounted. 
B. The Results and Evaluation 
From the data obtained with the first two contingent behaviors, it was 
found that stimulation had little if any effect on rate of bar press. From this 
it is inferred that stimulation of ·~ fornix and caudate is not noxious to the 
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animal, since it does not alter the original noise rate. Therefore, this 
data contradicts the obser-vation of some investigators who have claimed 
that fornix stimulation i-s noxious to the animal. 
From the data obtained with the third contingent behavior (i.e., 
stimulation as reinforcement) it was found that the number of responses 
was almost zero for fornix stimulation, and somewhat stronger for caudate 
stimulation. However, the general evaluation would have to be that stimu-
lation of both structures gave negligible results. 
The data obtained by observing the gross effects of stimulation revealed 
that caudate stimulation results in a cessation of all movement whereas fornix 
stimulation resulted in many "statokinetic regulatory mov:ements" that could 
easily be ascribed to current spread. 
C. Conclusion 
Stimulation of the fornix and caudate is not noxious to the animal when 
an objective criteria is used. The gross motor effeat of caudate stimulation 
is cessation of all movement. 
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ABS.TRACT 
This experiment stemmed from the contradiction existing between the 
recent findings of Olds and Delgado et al concerning the effect of stimulating 
the fornix. The original design was later broadened to include the caudate 
when additional data was published by Heath et al. This evidence also conflicted 
with some earlier findings of Olds regarding this structure. 
The main problem was to determine whether stimulation of the caudate 
and fornix was noxious to the animal. In order to objectively appraise the 
effects of stimulation, it was necessary to provide some criterion of behavior 
as a base. 
For this reason the operant conditioning technique of Sldnner was chosen, 
and grey nois·e was the noxious stimulus. The animals were conditioned to 
terminate the noise by pressing a lever. The intensity of the noise was 
plotted against the rate of responding of the animal (the escape function). 
Each animal then had 4 electrodes implanted, two in each hemisphere. 
The targets for the electrodes were the fornix and the caudate. 
After a a.h.ort recovery period, the animals were again tested on the 
noxious stimulus. The results of this test period were used as the base to 
appraise the _effects of stimulation. 
The stimulation sessions were conducted in the following manner: 
a) Wilh the noise stimulus constant at 15v. the stimulation was gradually 
increased in intensity. Each time the animal pressed the lever, both 
noise and stimulation were terminated. 
1 
2 
b) With the noise gradually reduced to zero, the stimulation was gradually 
increased in intensity, as in the previous contingency. Depression of 
the lever terminated both stimulation and noise, as before. 
c) With the noise at 0, stimulation was given for each bar press ( Olds 
effect). 
d) Finally, with the notse at 0, stimulation was administered at specified 
intervals over a wider range of intensities. During this test, the motor 
effects of the stimulation were noted. 
In the first two contingencies rate-intensity functions were plotted for each 
electrode in each animal. In the third contingency the number of responses were 
recorded against intensity. In the last behavior, stimulation effects were observed 
and noted in protocol form. 
After securing data in this manner, each animal was sacrificed, and the 
brains sectioned and mounted. The position of each electrode in each animal 
was then determined. 
It was found that stimulation of the fornix and caudate was not any more 
noxious to the animal than the original imput stimulus. The motor effect of 
fornix stimulation could not be clearly determined since it was impossible to 
control for current spread at high intensities. 
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